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S U M M A R Y

The CRIS-229 Solar X-ray ~~ectrometer /SpectrohelIograph payload was launched

in the solar pointed section of the U. S. Air Force Space Test Program P78-i satellite on

24 February 1979. Aercapace built the SOLEX collimated X-ray spectrometer and the

MONEX X-ray monitor experiments, w hereas the Naval Research Laboratory built the

SOLFLEX taicollimated solar flare X-ray spectrometer and the M A C M A P  magnesium

line mapping experiments. The SOLEX experiment Is cwrently obtaining solar raster

mapa in individiial X-ray spectral lines and recording spectra in the 3-25 A wavelength

Interval. The ba_sic CKL5-229 SOLEX hardware consists of a 20 arc see and a 1 arc mm

• - multigrid collimator for spatial resolution, RAP and ADP scanning high-resolution Bragg

crystak, and detectors consisting of an array of channel electron multipliers and a

proportional counter. The M O N E X  experiment is currently recording broediend observa-

tions of both hard and soft X-ray emission from flares and active regions in the energy

range 1-140 keV with time resolution of 32 msee. The hardware consists of proportional

counter detectors which view the entire sun. A total of 12 channels of pulse height

analysis are employed. The detailed lesign of both the SOLEX and MON EX experiments

is given in this report.
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T Preface

This repor t provides a general description of the design, function and overall

operation of the Aerospace parts of the CRLS-229 Solar X-Ray Spectrometer !

Speetroheliograph Experiment. It is intended for use during poet-launch data processing

and (or potential guest lnvestlgat~rs who may wish to devise an observing program using

this payload. As a consequence, it covers the mos t important aspects of the experiment

in considerable detail, al~ of which may not be of interest to the casual reader of this
• I-

report.
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Aeknow le~~m ents

A large number of people made significant contributions to the design, fabrication

and testing of ( RLS-229. A group photograph taken in December 1977 at Aerospace

including many, but not all, of the people is shown in Figure i. In the top row (from left

to right) are I). Jones, P. Carranza, H. Young, I). McKenzie, A. DeVito, II. Rugge, R.

Kreplin, I). Roux , and W. Cha t er . In the bottom row are C. Howey , P. Landecker, D.

Watanabe, 1. Iliga, I). Katsuda , and W. Eng.

J. Underwood generated important conceptual input. R. K replin of NRL

produced the SOL .FL EX and M~~(\ l~~P experiments. W. Eng and A. I)eVito contributed

considerably in the areas of testing and calibration. Fabrication was carefully perform ed

by K. iliga, P. Carranza , I). Watanabe and I). Katsuda . F.. Irwin did the initial interface

design of the minicom puter used in ground testing. SI. Wray program med the mini-

com puter. Mechanical design support was ably accomplished by I). Roux, D. Jones and

H. Lott. ( . Paulikas, Director of Space Sciences Laboratory, is thanked for his

substantial support of this program.

In Figure i, the CRIS-229 flight instrum ent is bagged and ready for shipment to

Hall Corporation, the spacecraft contractor.

The support given by the Air Force and Aerospace Space Test Program personnel

as well as those at the Air Force Satellite Control Facility is also appreciated.
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I. INTRODUCTION

1.1 Payload Summary

CRLS-229, a joint payload of the Space Sciences Laboratory of The Aerospace

Corporation and the Naval Research Laboratory, was launched In the pointed section of

the United States A lt Force Space Test Program P78-i satell ite on 24 February 1979.

The satellite , built by the Ball Corporation, provides an accurate solar pointing plat form

for this payload which consists of tour experiments. A photograph of CRLS-229 insta lled

in the P78-I satellite is given in Figure 1.1. Aerospace has responsibility for the chassis

and the SOLEX and MONEX experiments. R. Krepbin of NRL has responsibility for the

MAGMA P and SOLFLEX experiments. The entire CRLS-229 payloa d weighs 127 lbs and

is 52 in long.

• The four experiments contained in the CRLS-229 payload are described below.

(I) The SOL.EX experiment makes soL~r maps in individual X-ray spectral lines

and reeor~~ spectra of Individual active regions and the quiet Sun in the 3-25A 
-

wavelength interval. The maps are generated in a S arc mm x S are mm or 45 arc mm

x 45 arc mm raster pattern, whereas the spectra are, in general, recorded in the

spacecraft offset point mode. The basic hardware consists of a 20 arc sec and a 1 arc

mm multigrid collimator, RAP (Rubidium Acid Phthalate) and ADP (Ammonium

Dihydrogen Phosphate) scanning high-resolution Bragg crystals, and detectors consisting

of a proportional counter, and a channel electron multiplier array associated with the 20

arc see and I arc mm collimato rs, respectivel y.

(ii) The MONEX experiment obtains broadband observations of both hard and

soft X-ray emission from the sun In the energy range 1-140 keV with time resolution

‘This and other abbreviations are listed In the gloasary in Section 10.
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of 32 msec. The hardware consists of uneollimated proportional counter detectors. A

total of 12 channels of pulse height analysis are employed.

(Iii) Th SOL.FLEX experiment studIes selected wavele ngth regi ons of flare

spectra with high spectral resolution in four wavelength betide: l.823A- 1.966A (Iron
0 0 0 0lines ), 2.982A-3.088A (Ly ci Ca XX ), 3.14 IA-3.239A (Ca Xix), and 8.249A-8.514A (iron

lines). The hardware consists of uncollimated, scanning Bragg crystal spectrometers and

stationary proportional counter detectors.

(iv ) The MAGMAP experim ent is designed to make 45 arc mm x 45 are mm maps

of solar Mg Xl arid XII emission In the 8-1 2 A  spectral region. The Instrument consists of

two proportional counter detectors tha t view the Sun throt~ h the SOLEX 1 arc mm

collimator.

The four experiments cover the wave length range ~ 0.IA-25A. Since they will,

in general, simultaneously observe the same phenomena , they can be used in combination

&aring the data reduction phase of the CRLS-229 project. This payload represen ts one of

the most sophisticated satellite experimen ts ever to make solar X-ray spectroaeopic

measurements.

A modular approach was used in the design of the various subsystems as Is

ill ustrated in FIgure 1.2. This approach made it possible to build , test and calibrate each

module separately as well as easily separate the Aerospace and NRL experiments.

This calibrated payload was deLivered to the spacecraft contracto r and all

spacecraft/payload Integrated system tests performed were successfully completed. The

sate ll ite was launched at 0820 UT on 24 February 1979 from Vandenberg Air Force Base.

Quick-look data which is being processed at the Mr Force Satellite Control Facility and

production data processed at the Air Force Space and Missi le Test Center will be

analyzed at Aerospace and NRL

1-3
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2. CRIS-229 MECHANICA L CONFIGURATION

2.1 General Information

Much of the mechanical description of this instrument will be made with

reference to applicable mechanical drawing s . The drawing number will be in the format

L - XXXX .  A ccess to all drawings relevant to this progam can be obtained by

examination of Aerosp ace Drawings L-6163 through L-6174. These are “ Bill -of-

Material ” tabulations which are essentially an index to the drawing files. All drawings

are on file in the Space Sciences Laboratory of The Aerospace Corporation.

The external appearance of CRLS-229 is ill ustrated by 1-5202-H and shown in

FIgures 2.1-2.4. This payload, is approximately 52 in long, 14 in h igh and 7 in wide

(132x36x18 cm). The primary shape of this package is a long rectangular section . The

most prominent asymmetry consists of two large bulges at the aft (anti-solar) end; these

are the Comman d and Data Processor (C end 1W) units for the sail section of the P78-I -

spacecraft. This payload conforms to the Mechanical Interface Control Drawi ng or

MICD (Ball Drawing No. 49327).

The weigh t of the package is 126.59 lb (57.42 kg); this figure includes approxi-

mately 20 lb (9 kg) of spacecraft hardware. The center-of-gravity (CC) is constrained to

lie on the axis of rotation (elevation axis of the PIA); it is not constrained In the

spacecraft “Y-axis” direction (see Figure 2.1).

The instrument is mounte at three attachmen t points close to the axis of

rotation (see Figure 2.4). Two top and two bottom attachment screws are also used,

but they are not intended to be used as primary stçport points. The location of the

payload in the spacecraft is determined by a spherical plug which has been lapped to a

2-1
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mating spherical socket in the Elevation Yoke. Adjustments in pitch and yaw are made

about this locating point to align the package with the spacecraft and NRL-401 as

required.

2.2 Chassis

The fundamental purpose of the chassis is to provide a suitable environment for

the pay load m odules. This purpose requires that the chassis be stiff enough to act as an

optical bench capable of holding elements in alignment within a few arc seconds. All

instrument modules (SOLEX , ~,iONEX . SOLFLEX and MAG MAP) must be located so as to

achieve their required v iew angles while not interfering with each other. The chassis

must provide a proper thermal environment for all system elements. in addition, the

chassis must provide prec ise and stable mounting points for the spacecraft readout and

control eyes . Finally, the chassis must provide the basic stiffness to get the instrument

resonance above 50 lii.

The mos t difficult design requirement was to meet the optical bench stiffness

while staying within the system weight limits. The volume available and the number of

internal elemen ts to he housed dictated the use of a large rectangular tube for the major

portion of the chassis. Iso-grid paneLs form the elements of the tube since they will have

the greatest achievable stiffness for a given weight r’f material. This structural

approach is covered very well by Meyer (1973). Although these structur es would appear

difficult to fabricate , numerically controlled machine tools allow them to be fabricated

with little difficulty. The five panel members used to form the chassis tube are

NR1-40 I is the other major solar pointed payload and is located next to CRLS—229 in
the spacecraft’ s pointed instrument assembly. The objective of this payload is to
monitor the inner and outer solar corona and determ ine the character of the outward
flow of plasma at the source of the solar wind. NRL-401 consists of a white light corona-
graph and an XUV mapping experiment,
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described by Drawings L-5555 , 6, 7 and 8; two pieces shown in Drawing L-5556 are

required. Since an iso— grid is formed of many small triangular elements ~t was easy to

provide mount points for all internal elem ents by leaving extra material around the

nearest triangle vertex. The ~~awings show th is approac h clear ’ .; elements are mounted

on base, top and side panels. The triangular (waffl e-like) patterns face inward in order

that smooth surfaces face the exteri or world. These structural details are shown in a

photograph of the chassis given in Figure 2.5. The chassis tube ends consist of panels

containing only the cutou ts necessary for apert ures; these ends are required if t he

torsional stiffness is to be high . Access to the internal cavity is gained by removal of

the cover panel shown in Drawing L-5558.

2.2. 1 ~yemounts

Par t of the instriznent function is to provide a stable and optically flat surface to

accept the spacecraft control and readout eyes. Section 3.2.4.1 of General Interface

Control I)rawlng or GICD (Bell Drawing No. 49329) specIfies the mounting requirements.

The requirements are met by Drawing L-5559 (control eye bracket ) and L-5560 (readout

eye bracket). These parts are attached to the beseplate and lower side plate ,

respectively. After being permanently m ounted to the chassis, the bracket pads forming

the eye block mounting planes are lapped so as to form two planes co-aligned within a

few arc seconds; the pads of each plane are required to form a sur f ace flat within a few

lig ht fringes. All environmental and alignment testing indicates the goals t*ve been

achieved.

2.2.2 Chassis Balance

The GICD speci fies that the instrument center of gravity (CG) in the X-Z plane

be within 0.100 Inches of the center of rotation of the so called “ elevation axis.” In the

2.7
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initial attem pt , the vario&~ int ernal modules were located to bring the CG near the

geometric cent er of the package. Since there are limits and constraints on the

movem ent of the internal modules, a final trim was to be achieved by optimally placing

the center of rotation (
~ of K). Since th e location of the (‘ of K is machined into the

struc t ure long befor e the mass properties of the internal elements are known, estimates

~ - - art ’ made. The inaccuracy of the est imates resulted in a (‘ of R location error of about

a~ inch. ( ‘ompensating for t t’us required the addition of over 5 lb of ballast in the

f s r ~~~rd sect ion of the chassis. Nearly 6 lb of additional forward ballast was required to

ma ke up f or spa cecraft generated unbelanecs (overwei ght (‘ and T) P units, wire harness,

~~~~~~ The balance weights are all brass plates bolted to the chassis panels by picking up

the iso-grid triangle vertices.

2 .2.3 Thermal Finish

11w spacecraft contractor j c  required by the GICD to specify to the payload

agency all vster ior surface finishes to meet spacecraft t herm al control requirements.

Hall ic hievec t hcr~~al control Lz~ing pass ive surface finishes ra t her than active elements.

Only one small surface of ( ‘Rl. S-229 views the sun, and m ost of i ts  sur face area is

exposed to cold spa ce; the problem i s in keeping the payloa d warm rather than cool. A

very s hin y s urf ace meets this need. Rather than try to polish and maintain shiny metal

outer surfaces, which would be difficult to protect ttrough all the developi~ent phases, it

w as decided tha t a suitable t hermal tape would be applied as one of the last assembly

stepi.

The tape ~~ed was Sheldehl Corporation thermal control tape 0401-002. ThIs is a

1.0 mil Kapton film having a I000A evaporated aluminum front surface. A good feature

of this tape is tha t it has a “coverlay” protective film t hat can be left In place until the

2 - 9
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final stages of preparing the spacecraft for thermal vacuum testing. This means that for

the bulk of the program, extreme care about fingerprints and other contamina tion Is riot -

required as they will be removed when the “ coverlay” is stripped off.

2.2.4 Thermistors

The thiee A erospace furnished therm istors are located in CRL.S-229 as fo llows.

Name X (in) Y (In) 1(m )

I FRONT •24 •0.8 -4

I MIt) —9 .0.8 .5

r R E A R  -24 •2 •3.5

The origin of the X and Z axes is at the PIA elevation axis ; the Y axis origin is at the

sur face containi ng the spher ical mount (see Figures 2. 1-2.4).

Thermal calibration curves arc given in Figure 7.5. Expected worst-case

temperature extremes are 3°c and 33°C. In tact , the tempera tures measured in orbit

during the first month of operation were T FRON T ~ 26° (‘~ TMlI) ~ 21° C, TREAR ~ 21°C,

well within the design limits.

2.3 SOLEX

SOLIX is the moat complica ted experiment element in the CRLS-229 payload. In

basic concept SO1..EX is similar to other Bragg spectrometers designed, built end flown

on both rockets and sateUites by the Space Sciences Laboratory of The Aerospace

Corporation; however, in detail it is an entirely new system.

2~~lO  
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Scientific considerations established that t here woul d be two collimato rs arranged

in an “ over and under” config uration illuminating a crystal panel assembly carrying a set

of four crystals. As shown in Figure 2.6, one detector , a channel electron multiplier

array ( CE MA) , accepts radi ation w hich has passed tPwough the 60 arc sec collimator and

been diffracted from either exposed sur face of two back-to- back crystals (one at a

time ). The second detector, a proportional counter (PC), recor c~ photons which have

passed t hrough the 20 arc see coll imator and diffrac ted from a second pair of back-to -

back crysta ls (again , one ii a t ime).

One of two techniques can be u sed to maintain the required Bragg relation-

shipi. The first is to decouple the crystal drive and rotate the cryst al panel 180 degrees

to allow ~~c of the compernon crystal. The second technique is to move the detector

assem bly towar c~ smaller and smaller Bragg angles until the angle goes negative and one

is accepting reflections from the companion crystal. The first technique requires a

com plicated mechanical system with a substantial uncertainty in reliability and a certain

loss in  angular positional accuracy . Use of the second technique, in which the detector

assembly sw eepi out almost a full circle , cre ates substantial problems in mechanically

coupling the cry s tal and detector assemblies t ogether in order to develop the motion

required to satisfy the Bragg condition. When the requireme nt that the detector

assembly be par ked out of the X-ray beam while the cry s tal assembly is at Bragg 0

degrees to allow the one minute coll imator to illuminate the MA CIMAP apert ures (see

Section 2.7) is considered, the idea of electronically (rather than mechanically) cowling

the motio ns of the crystal and detector assemblies becomes very attractive. Once th is

gearing solution was chosen, the rest of the packag e design followed.

2-11
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Some major constraints dictated much of the design. The first constraint is the

limitation of a width of 7 inches in the forward section holdi ng the collimators; this

arises from the fixed width of the spacecraft elevation yoke through which the

instrument must pass. Since the collimator optical centerline mus t intersect the

rotation axis which passes through the center of the crystal panel , the collimators must

be mounted as close as possible to the chassis basepLate.

Although the payload can bulge somewha t in the -Y direction at the aft end it

cannot bulg e in the •Y direction. Thus, the co llimator optical center and the need for

the detector sweep to be confined to the envelope of the chassis determines the

maximum radius of the detector assembly . The thickness of the individual detector

packages then determines the maximum length of the crystal panel. In this ease, a 4 in
long crystal panel will just clear the detector assembly. Crystal dimens ions in the

direction of the axis of rotation are aLso determined by the collimator aperture

geometry . Ely placing the collimators as close together as possible, enough room in the

Z directions was available to allow space for drive units within the permissible payload

envelope.

The SOLEX design resulting from the various constraints is clearly illustrated by

Drawing L-S814. The basic box structure containing the movi ng spectrometer elements

is required to be very strong in order to carry the spacecraft Command and Data

Processing (C and DP) units (each weighi ng abou t 8 Ib). The C and DP packages are

mounted in such a way that severe torsional moments are Introduced during vibration.

Iso-Grid pønels were used In order to produce a strong, yet light assembly. This box

carries on its exterior surfaces the crystal dr ive (motor , gears, etc.) unit, the detector

drive unit , the motor drive electronics package, the detector electronics package, two C

and DP units and the MACMAP experiment. All of these elements are connector eoiçled

2-13
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and could be removed for se vice. A photograph of the SOLEX Bran crystal

spectr ometer compartment is shown in Figure 2.7. A photograph of this com partment

attached to the chassis is given in Figure 2.8.

The entire SOLEX aft un it can be disconnected and removed from the rest of the

CRLS-229 payload. The aft SOLEX weight is 21.3 lb. Since It is external to the rest of

the payload, it had to include its own thermal finish; this was accomplished by use of the

sam e tape as was used in the forward chassis section.

2.3. 1 SOLI~X Crystal Drive

The crystal dr ive requirem ent was to be able to position the crystal panel

repeatably at any angle between Bragg -60 degrees and Bragg 475 degrees (a total

angular travel of 135 degrees) with a high degree of precision. Since the crystal and

detector drives were to be only electronically coupled, two stepper m otors must be used.

With adequate counting and driving electronics, open-loop control of the stepper motors

may be reliably accom plished. SInce the smallest motion possible from a stepper motor

is one step (the motors we use have a 90 degree step), a large gear reduction is needed if

the minimizn crystal panel step is to be small. A large gear reduction is very helpful as

a very small stepper motor will have more than adequate torque to drive the load. Also,

since the inertia of the loa d is reduced by the square of the gear ratio when reflected

through a gear train , the torque of the stepper motor is much enhanced. There are two

factors limiting the maxi m ian geartrain reduction: one Is the time required to scan from j
point to point since the maxim li n step rate is limited, the second i~ the capacity of the

control system to count and store step information. It w as decided that the electronics

would have a maximuTi of 2 14 or 16,384 steps. If the crystal panel Is to scan over 135

degrees, it follows that one step mist be about 135116,384 degrees or about 30 .rc see.
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F i gu r e  .~~. 7 . Dcta il~-d Vi ew of ( RL S - 2 2 Q  X - R a y  Bragg Crysta l  Spectrome ter
Ce~rnpartment . X - r a y s  e n t e r i n g  from the collimators on the
bottom an  d if f rac ted by AI) P and RAP c r ys ta l s  and detected
by proportional count er and channel electron multi plier array
(CEMA ) de tec to r s .  The c ry s ta l s  and detectors are scanned
s eparate l y  to obtain high resolution solar X - ray  spectra
between O.~ and 4 key (3 - Zc  A ) .
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The crystal drive unit power flow star ts with a size eight permanent magnet

stepper motor driven at either 62.5 or 31.25 Hz. The motor dr ives an integral gearhead

having a reduction ratio of 479 to one. The gearhead output drives through a ratio of

76:68 into a slipelutch adjusted to slip at 20 in-oz of torque. The function of the

slipclutch is to protect the geartrain from any overloads accidentally introduced at the

output end of the geartrain. Leaving the clutch assembly the drive passes through a

mesh of ratio 21:105 followed by another mesh of 21:105 into the output shaft. The total

reduction then is (479/1) (68 /76) (105/2 1) 2 10714.47:1. If we divide one 90 degree

step by t his ratio we have 90/107 14.47 0.008400 degree or 30.2 arc see per step. A full

scan of 135 degrees will take 4.29 minutes at a 62.5 Hz step rate.

Two other features were added to this assembly. The first was a precision

potentiometer driven by the last gear in the train so that a convenien t analog signal

representi ng cry stal panel position would be available. The output potentiometer Is

driven by the output shaft through a gear ratio of 105:76; therefo re, it moves (135)

(105/76) or 186 degrees in one 135 degree crystal panel scan. The second desirable

feature was the incorporation of an anti-backlash element so that the crystal panel

positioning would not be influenced by the direction of motion. Because the crystal
.5 panel motion is limited to 135 degrees a pee-loaded torsion spring on the output can

remove geartr ~in backlash. In effec t , the geartrain drives the output in one direction

and acts as an escapement in the other. The drive elements are packaged in their own

housing; the result is a modular element easily removed for service.

A substantial effort was made to measure the positioning performance of the

drive unit. Analysis of the data allows one to make several statements.

1. The output angle measured from a zero point determined by a micr osw lteh

is 0.008393185 degrees per step (pbs or mint s two are minutes in the 135 degree range).
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2. Using a calibration factor, the output can be positioned within plus or mInus

one are minute.

3. The reproduceability of motion is withIn 20 are seconds except for one ten

degree section where the uncertainty is up to 40 arc seconds.

2.3.2 SOLEX Detector Drive

The detector drive unit Is Identical to the crystal drive unit with two exceptions.

The first difference stems from the fact that great precision on the motion of the

detectors is not required; it is only required that the detector be positioned to accept the

reflected radiation. For this reason no anti-backlash provision was built Into the

detector drive. The second difference ar ises from the need for the detector assembly to

move at twice the crystal angular veloc ity to inter cep t the diffracted radiatio n. This

detector motion was achieved by using a factor of two change in the last stages of the

gear tra ln.One 90 degree step at the i,~ ut causes the detector assembly to move through

twice the angle of the crystal panel motion. When properly synchronized, the Bragg

condition is satisfied from one end of the spectrometer travel to the other.

2.3.2.1 Balance Weights

There is a requirement that SOLEX operation must not disturb the payk*d

balance since any change in balance causes perturtations in the spacecraft solar pointing

operation. Since the detector assembly is quite heavy (seve ral pounds), its motion did

disturb the system balance. The solution was to add balance weights to the SOLEX

detector assembly so that it was balanced in all positions. A study of Drawings L-5809,
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L-5811, and 1-5814 will show that it was easy in concept , but very diffi cult in practice

to find space for balance weigh ts in locations where they would not interfere with the

incoming beam. The addition of about 2 lb of brass weig hts did result in a balanced

assembl y . This local balance solution resulted in a total payload unbalance that could

only be alleviated by the addition of ballast in the forward section.

2.3.2.~ Caging of SOLEX

One of the more vexing SOLEX design problems was the necessit y to cage the

system for resistance to vibration induced forces which would occur during launch. It

could be establ ished tha t since the crystal panel was of small mass and balanced it would - -

surv ive vibration without undu e strain. The detector assembl y, on th e other hand, was

ver y heavy, and though balanced , was requir ed by its f unc t ion to be geometrically a very

weak structural form.

The need for caging was met by designing a system using two semi -circular

members to girdle the detector-balance weig ht assembl y at the mid—point. In the caged

position the ends of the semi-circles are drawn together as shown on Drawin g L-5809.

The girdle engages a circumferential slot in the balance weight and detector areas of the

assembl y. As a study of the drawing will sho w , the girdle members effectively restrain

the detector assembly from movement in any direction. The ends of the girdle halves -

are held in the caged position by the forked end of the rod shown in DrawIng 1-5810.

The rod is withdrawn on command by an Atlas Type IMTI8CC pyrotechn ic dev ice. When -

the rod is withdrawn the springs visible in Drawing 1-5809 open the girdle halves freeing

the system for normal operations. The uncag ing action is a one-shot event using the

afore mentioned pin-p uller squ ib. Recaging requ ires the installation of a new squib.
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2.3.3 SOLEX Crystal Panel

The crystal panel (Drawing 1-5733) was designed as a one-piece stainless steel

mem ber which would allow mounting two pairs of 2 in x 4 in x 1/8 In crystals beck-to-

back. From geometrical considerations, the crystal panel should be as thin as possible.

This cryst al panel fram e separates the back-to-back crystals by only 0.030 In. The

crystals are held in place by bonding their rear surfaces to the panel and to the

companion crystal. Care was required in the gluing process in order to avoi d distort ing

the crystal surface. The crystals at final checkout were moun t ed in their fram e with

front surfaces flat within I to 2 arc minutes.

2.3.4 SOLEX Limits

With the crystal and detector assembiles coupled only electricelly, synchroniza-

tion of the system is required on occasion. This is accom plished in SOLEX by using 4

— microawitches (one at each end of travel on both the crystal and detector assemblies).

Synchronizing is easily accomplished by starting crystals and detectors towar ds one limit

of travel and causing the control logi c to hold one element at the limit tx~til the second

el&nent also reaches that limit. A direction reversal at this tim e will start both

elements mov ing together in a repeatabl e manner.

The switch activating arm for the crystal assembly is shown in Drawing 1-5814,
and for the detector assembly Is ill ustrated in Drawin g 1-5811. The arms are pre-loaded

spring beams. The pre-loed ensures that the switch will be transferred with no arm

deflection; this feat ure preserves the precision of the limit position (the switch opening

and closure are very repeatable ). The presence of the spring beam allows some
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overtravel under an external force w ithout destruction of the limit switch (switches of

this type have an overtrave l allowan ce of only 0.002 in). At the end of the moderate

overtravel allowance both assemblies com e up against firm mechanical limits. Once in

orbital operatIon, the mechanical limits shoul d never be reached.

2.3.5 Collimators

The most difficult mechanical developm ent in the CRLS-229 payload was the

design, fabrication, alignment and calibration of the 20 arc see and 1 arc mm

collimators. Their design and construction is detailed by McKenzie, Howey and Young

(1978). The functional design followed the procedure orig inated by McGrath (1988), but

makes provision for grid nonuniforrnities and the inevitable small alignment errors or

shifts. The mechanical design combines a firm and rigid mount with an intri cate system

of screws and levers that allow fine alignment adjustments to be m ade in a short period

of time. When the alignment is com plete the adjustment screws are bonded in place so

that alignment is maintained over long periods of t ime and in severe environments. The

assembly set-up is very similar to tha t described by Blake et al. (1976) and employs

microscopes, a granite surface plate, and granite straight edges to align the grids

visually.

The collimators were subjected to a comprehensive test program Including visual

inspection, performance tests using X-rays, checl~ with a ray-tracing computer pro-

gram, and environmental tests to assure their proper performance in a space environ-

ment. Efficiency curves for each collimator determined using the computer program

COLLIE are given in Figures 2.9-2.12. A stanmary of coUimator properties Is given In

Table 2.1.
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TabLe 2. 1. SOLEX Coll tm~ tora .

Nominal Collimator FWHM
20 are sec I arc mm

Name SOLEX A SOLEX B

Grid Composition: 0.0023 cm nickel Same
Nominal Collimator Area: 4.0 in2 25.8 cm2 Same

Nominal Normal Incidence 23.7% 22.3%
Transmission:

Effective Area: S.ZI cm2 5.76 cm 2

Holes per Grid: 2.37 x l0~ 2.48 x 1O 4
Hole Size: 0.002 x 0.002 in 0.006 x 0.006 in 

V

Number of Grids per Collimator: 11 11
Aerospace Drawing Number: L-5301A L-5317B

SCalculated FWHM (Using COLLIE ): 19.3 sec in XZ 61.5 sec in XZ
20.0 sec in XY 61.0 sec in XY

Calculated Coll imator Actua l 0.896 x 0.893 0.951 x 0.912Maximum Transmi ss ion : :0.800 = 0.867

S

See Aerospace Technic al Report by McKenzie et sI. (1978) for further detailsabout the computer progra m COLLIE as well as the collimator design and alignment.
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2.3.6 Alignment

The alignment of SOLEX Is described In detail by Howey and McKenzie (1978).

The 20 arc second and 1 arc minute collimators are coalVigned to * 7 arc sec. In the XY

plane, the BBRC control eye Is +14 arc see clockwise from the mirror on the 20 arc sec

SOLEX A collimator while looking towards the experiment. In the XZ plane , the BBRC

control eye is +4 arc see clockwise from the mirror on the 20 arc see SOLEX collimator

while looking towards the experiment. Ref racto syn boresight sun detectors,

manufactured by II. H. Contro ls under U. S. Patent 3,137 ,794 , combine Internal

reflection in a tr iangular prism with balanced photode t ecto rs , and are mounted on the

co ll imators to ind icate the location of the center of the solar disk. A solar calibration at

Rail found that the relative alig nment of the raster readout eye on NRL-401 (lee Section

2.1) and the boresight Refractosyns on the 20 are sec SOLEX collimator was about 90 arc

sec In the XY plane and 20 are sec in the XZ plane. The raster readout eye on NRL.-401

is closely aligned to the control eye on CRLS-229 , but it should be noted tha t the fina l

coalignment of these two eyes had not been performed at the time of the sun test. The

data above are illustrated in Figure 2.13. The SOLFLEX exper imen t is rotated counter-

clockw ise by 1 * 1 are mm from the BBRC control eye as viewed from the +Y direction.

More accurate alignment measurements will be performed after launch.

2.4 
_ _ _ _ _ _ _ _ _

The MONEX Low Energy Monitor (LEM) package is described by Drawing L-5S1l.

This module is a proportional counter system, described in Section S of this repor t, which

is moun ted In a forward location on the bottom panel of the chassis t*~ e. There is a 0.25

inch diamete r aperture in the front face. The detector itself Is stopped down further by
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a 0.040 inch diameter apert ure ttrough which radiation reaches the detector window.

The LEM is a f ree standing 2.25 lb package which is complete in Itself. It is

connector coupled into the payloa d wiring harness. The LEM requires only coarsely

regulated power from the payload bus and retur ns data to the payload command box.

Other t han having a chassis machined from a billet, in the interest of high strengt h and

low weight , the LEM has no special mechanical features.

2.5 MONEX HEM

The MONEX High Energy Monitor (HEM) module is described by Drawing L-5565.

This package is also a proportional counter system described in Section 6 of this report.

The package weighs 4.31 lb and Ic mounted to the main chassis cover. It also is

connector coupled, free standing and com plete in itself. The HEM uses a large

3.75 x 1.375 in aperture. Radiation enters through a coarse “egg crate” collimator (18°

from on- axis to cutoff ). As with the LEM, the three HEM chassis elements are machined

from a billet in order to meet weight and strength criteria. The major geometrical

problem was to package the very large detector (2 x 2 x 6 in) in an envelop e sm all enough

to avoid oceulting other apertures.

2.6 SOLFLEX

The SOLFLEX module is a 6.10 lb free standing package which, w ith Its 5.40 Lb

V electronlos packag e, is mounted on the top side chassis panel. This instrwn ent views the

sun t twough a lerge aperture in the front panel. Other than the space It oee~~4es it does

not interact with SOLEX or MONEX . With the exception of the high voltage power
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supplies, which were built by The Aerospace Corporation, the SOL PLEX module was

supplied by NRL tested and ready for installation.

2.7 MACMAP

MACMAP is the second o f two instrisnent modules supplied by NRL. This 3.43 lb

package is mounted on the aft end of the payload, behind SOLEX. The aft location is

dictated by the MACMAP requirem ent to view the sun through the SOLEX one are

minute collimator (bui lt by Aerosp ace). This is accom plished by so positioning the

SOLEX crystal panel and detector ass em bly tha t the two MACMAP apertures are

illuminated by radiat ion pass ing through the SOLEX one arc minut e collimator (see

Section 2.3).

MAC MAP interacts electricall y only with SOIFLEX. It was supplied by N R L

checked out and ready for ins tallation. Aerospace also built the high voltage power

supply for this exper iment.
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3. SOLEX SOLAR X-RAY SPECTROMETERS

3.1 Scientific Objectives

The SOLEX part of the CRLS-229 experiment is used to obtain X-ray spectra

from 3 to 25A of the quiet and active solar corona as well as of flares. These data are

required to determine the t hermodynamic properties of different solar regioi~ as well as

for the determination of co~ 3nal abun dances . In addition , SOLEX will provide daily maps

of the solar disk in the emission lines of vario~~ coronal ion species. These maps provide

information on the coronal tem perature and density of the entire sun. Finally, the small

raster capability of the P78-i satelli te allows SOLEX to map individual centers of

activity to 20 are sec resolution on a rapid time scale. This capacity presents an

unprecedented opportunity to observe the events leading up to a solar flare with high

spectr al and spatial resolution. The ATM /~~ylab photographa have shown that flares are

centered in very small regi ons , so tha t hig h sp atial resolution is essential. In add ition ,

the development of active regio ns will be fo llowed by periodic observations over long

intervals.

3.2 Collimator Design and Test Results

The experimental objectives of the SOLEX and MACMAP instr*anents demanded

relatively sm all and lightweig ht co ll imators of 20 arc sec and 1 arc mm (FWHM) f ielda of

view. McKenzie et al. (1978) descrIbe in detail the design, construction and testing of

the multigrid coUim ato rs which meet this need. Figure 3.1 is a photograph of a

completed unit.

Figure 3.2 illustrates a system for placing the grida to provide collimation free of

leaka out to a maxi mwn angle 0W ~~~~~~~ FWHM collimator resolutio n Is WIL for square
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grid holes. The CRLS-229 collimators were constrained to f ’53 Cm; we chose
L = 52.4 cm so that W’s of Si and 152 pm gave resolutions of 20 ar~ sec and 1 arc mm ,

respectively. As illustrated in FIgure 3.2 (see McGrath , 1968), the N intermediate gri~~
(excluding the two end gride) are placed according to the formula,

( L - I ) ~~ 
W ( L — ’  ) ( I  = 0 )

ii W~~ t n-i 0

so tha t the nth grid just inter cepts the first ray passing above the (n-1)th grid in Figure

3.2. In order to avoid a grid squeeze at one end, some grim were moved to equivalent

positions at other places along the length of the collimator .

Section 2.3.5 of this repor t gi ves a s tan m ary of the properties of t hese multigrid

collimators. Section 2 .3.6 discussed their alignment.

.s.~ l ragg (‘rvstals

3.3.1 Principle of Operation

Figure 3.3 illustrat es the principle of operation of the SOLEX Bragg cry stal

spectrometers . (‘oLlimate~ X —rays incident from the left strike the crystal at angIe 0.
Those having wavelengths \ equal or near ly equal to 2dsin 0 are diffracted so that the

angle of incidence equals the angle of reflection. A spectrum is obtarned by rotat ing the

cr ys tal about an ai ic normal to the picture, varying o~ and by rotat ing the detector arm

t hrough an angle 2 0 , so that the detector intercepts the refle cted radiation.
Obser vations of a particular emission line can be made by sett ing the crystal at the

appropriate Angle to pick out the desired wav elength.
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3. 3.~ (‘rvstal Mounts

Fhe rv’~tals for the two SOlIX spectrometers are mounted on the mounting plate

s~~~~i~ in l)ra .~ tr ~~ l V -
~~~~~33 , and -

~~~re described in Section 2.3.3. Crystals are mounted on

~~~~ the o~r1erse and revorse s~ 1es of the mounting plate so tha t the collimators present
V 0 0

i- :s~~t t t  ion to one set o f c rystals for nnt~1es from —60 to 0 and to another set for angles V

f r~’~- 00 
~~~ 

— -O~ The SO1.F \ A cpeetr - - - presents an -~I)I’ crystal to the incoming

beam for - 0° and an RA P t ’ rvs tal for ~ fl~~~; the SOl.l - \ U spectrometer is just the

o (s ,r I - i ~ur’ - ~ . ~~~~. I h -~ ~s as done for two  reasons . Firs t , we wanted to have A DP

:on~ R ~P —oan ’. si V n h I I t  aneouc lv ta ken in the spectrum mode. Second, only the ( ‘E M V -\

~
( )H \ ~~ ~~~~~~~~~~ i~~ s e ns i t i ve  to radiation beyond about 14A and we wanted the

(- i :~~V l h i  I tv measure ni tr~~:eri lines for wh ieh the Bragg angle exceeds 600. This

~~~~~ i t I ’ 4 I  tha t U \I’ ~ V V 1 ~~~ to  ~~~~
- the e rvst a l  in use on the ~plus” side of the SOI.EX B -

the i t  ii ~~~~~~~~~~ r i e; t called for the (‘rv~ttIls for a single s pectrometer to be

winded t ~~a snot her hr uz~~h the ho1e~ in t h’ crysta l mount t rig plate. A crystal bonding

~~! and was di-si :ned t ~~~er i-. i t  the ;asnel assembler to view both the top and bottom

er~ s t al  wh ile ~~
h .- ‘w ’n hn~ 

-.~ is ~‘-u 1i: done. The bettom crystal was viewed through the

-.tan ’ ! using a large mir ror. The init ia l plan wa s to use l)elta Bond 152 KA as the bonding

agent . but te s t s  w ith 1u~~rator ~ (‘ rV - .t,’Il’- bonded to a stainless steel mock—up of the

-iounting plane showed t his agent to he unsatisfactory. The bonds were found to be

weakened, apparently by differential thermal expansion, after thermal cycles of the test

pieces were performed. The bonding agent we finally used was l)ow (‘orning No. ~i—1l04 ,

is rubbery material that cures in a few hours at room temp erature.

11w SOLL\ 13 crystals were bonded by the technique described above. While the

bonding agent cured , the assemb ly was weighted down by a g ranite straight edge.

Examining t I-sc glued panels with an auto col l imato r after the bonding agent had cured
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revealed that each crystal had suffer ed som e d istortion . The R A P  crystal had two zones

w ith  the dividing line between them going across the crystal about one-third of the

distance from one end. The zones were separated in such a way as to cause the Bragg

angle to differ between them by about two arc m m .  The ADP crystal zones were

sep~srated by a lengthwise line down the middle of the crystal. The Bragg angles for the

two  zones would differ by 1-2 arc m m .

Since the firs t set of crystals suffered significant distortion in bonding we

changed the techn ique for the second set (SOLEX A) . The RAP was bonded directly to

the mounting plate and pressed down with a plastic “dtrnmy cry stal ” , the same size as

the cryst al itself. This pressing introduce d d istortion , so about 4 5 minutes later the

cry s tal was pulled loose f rom the plate , it and the plate were cleaned , and the crystal

was reglued. The bond was allowed to cure under the weight of the crystal only, and thi s

introduced no significant increase in distortion. The Bragg angle was estimated to

change by only 40 are sec over the cryst al surface . The final A L)P crystal w as then

• bonded using this sam e technique. The crystal chosen was zoned with the dlvicing line

running across the crystal about 40 percent of the distance from one end with an angular

sp read of about I arc m m .  The gluing process did not change this significantly.

3.3.3 Crysta ls

The SOLEX spectrometers consist of pairs of crystals mounted side—by-side on a

common plate behind coll imator s, provIding 20 arc sec and one arc mm resolution,

respectively. A cry stal pair is comprised of one ADP (ammonium dihydeogen phosphate, 4
2d I0. 64A) and one R A P  (rubidium acid phthalate, 2d 26.12A) crystal. So that

observations can be made with each crysta l havi ng 20 arc see and one arc m m spat ial

resolution , an A DP crystal is mounted in back o( the R A P  crystal and v ice v ersa . A
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summary of SOLEX cry stal properties is given in Table 3.1.

Let R( .~~, \ ) be the coefficient of reflection of X-rays at waveleng th X incident

on the crystal at angle ~~ . The cry stal integrated reflectivity is defined as

R A ) JR ( i s , A ) (10 radians.

fte nundu~r of diffracted photons is then given by

IT ) ( \ )  
R(~~ ~ to

~.here 1 > )  is the incident flux in photons sec 1 and >. .‘ is the crystal rotation rate in

rndians see ’. (hi the t’rv stal intec~rnted ref let’t ivitv eurv ’- . shown in Figure 3.4 , the dots

~nd er~~ -~es are e\;n-r~ ent,d ;~osnts for tne two fligh t C R I S— 2 2 9  . \ l )P  and R A P  cryst als ,

r,-s : , -o t s v e lv. ~1~r error ~:t rs chow the range of values measured at each wavelen gt h for

• - s e h  ervst il. Fhu co t s > ! l ine s are the unpublished 1)nrwin—Prins curves calculated by

1ture~ (I ~77) ov . ’— t ! ’ -  w ave lençth ranges “f the two sot~i-: x spectrometers. The
V theoretical o i rv ,  ~or U \ P has been nor”-idi,ed by f T I v 1 > ~s ng by the factor 1.32 for values

>~~~ç>~ > ()~~~~ ~ to  s ’ t t e r  f it the >‘s~w ri”~,-ntu1 V%ero ç pisc p data . Points at 20.91 , 23.62 and

V’ -I.7~ 
>> o-~- f r r  - . ‘ j r es ~. ’ l a I r - s t  un~ uhl isP i - ’’ 1977 cnlcsiTa tion~. Nots -’ t here ic tin over lap in

o r ’  - !  -d ~~~~~~~~~~~~~~~~~~~~~~ ran~ ,-s between ~~3 m d  I O .’7 -
~~ .

pc- ak  re flect i v mL ’ -s  for \ f ) r  ~~~~~~ i \P shown in Figures 3.~ and ~~~~ were

V > e t . - r -  ~r”s- ’ i - ~s i >  n -~ ~ L V >’ ri- rt ? i a n  roesing curve. I or thic (‘ace , i t  can be shown tha t

a- re ~ is t he e r - .- s t  V 
r” H>—e t v~~ - . ‘: is the ‘rvstal in~ec~rated reflectivity, and r

0 -

t ’ - I -  crv~ ta I I t .  fl V 
“°°-  >~~

V 5 f
~~~~~ - . - nIh for - onoehrnr;~nt ic and perfectly co lli mated

-

V 
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Table 3 . 1 .  SOLEX Crystals .

Dimensions of Each Crystal: 2.00 In x 4.00 in x 0.125 in

Crystal Type: ADP ( 101)  RAP (00l )

Crystal 2d Spacing: 10.64A 26.12A ± 0.O1A

Flight Crystals Serial Numbers 20 arc see I arc mm

Reference Zero SIde (0 8 00) R5~B
& A2-B

Maximum Angle Side ( 0  
B > 0°) A3-F R7-F

R ()~ )(radiana)C
Measured 

• 

C

Crystal (A) FWHM (s~~) Mosaic~ ldeal*

A2-B 8.34 32 (110) 0 6.6 x
6.07 15 4.5 x 10~~
2.75 6.6 3.3 x I0’

~
A3-F 8.34 38 (110) 6.1 x

6.07 21 4.4 x
2.75 13 3.7 x

R5-B 9.89 50 1.0 x
13.34 89 (340) 8.4 x 10~~
37. 56 184 9.1 x 10~~
8.34 (40)

R7- F 9.89 47 1.0 x
13.34 90 (380) 9.5 x l0~~
17.56 176 7.4 * 10~~
8.34 (50)

for RAP (A for ADP), 5 is the 5th crystal tested, B stands for back In the original
nomenclature (and now the crystal front surfaed

Listed deconvoluted value Is half the former measured rocking curve width .

( \ ) (1 C05 20)
e uncorrected 2 ( l • c o s 4 2 O )

X R (~~) — R  (~~) (l 4 Icos 2 0 1) 2
c uncorrected - 

2 (1 ~ 2 ~
Exper imentaUy measured system values in arc secon~~ in parenthesis (corrected for

divergence thro~~h the collimators and Une profiles).
0Best estimate of inflight values (experimenta lly measured with theoretical corrections).

1 V
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incident radiation. Corrections for Al K 01 and K 03 were performed ising a computer

program (LOREN2). In Table 3.1, A2B stan ds for the side B of ADP crystal 02. Larger

va~ues of r (and hence smaller values of R~) could be inferred from the single crystal

spectrometer system tests. However , a subsequent study by Eng (1978) showed that the

flight crystals almos t certai nly had not degraded. The most reasonable aasumption is

therefore that the values derived fro m the double crystal measurements are correct.

Preli minary analysis of post-launch data corroborates this assumption. Therefore these

are plotted in these figures. Theoretical peak reflectivity curves by Bur ek (1977, 1978)

derived using Darwin-Prins theory have been included. These calculated values are in

excellent agreement with the measurements at Aerospace.

Dispersion produces small changes in the effective crystal 2d spacing (Burek,

1977). The effect of the Kailman-Mark theor y of dispersion in the case of RAP Is to
0

vary the apparent 2d spacing in the range 26.llS-26.127A for wavelengths between 1 and

26A; this is shown in Figure 3.7. In the SOLEX wave length range, it is greater than

26.120 only above 20A near the 0 K abs edge. The two error bars correspond to an

estimated t 5% uncertainty in the index of refraction theoretical corrections calculated

by Burek (1977, 1978). Similar calculations of dispersion effects in ADP yielded apparent
02d spacing changes of at most 0.000 IA in the wavelength range 1-1OA.

3.4 Crystal and Detector Drives

In order to obtain proper Bragg motion, the crystals rotate through the range 0 =

-60 degrees to +75 degrees while the detector rotates through twice the angle of the

crystal as described In Sections 2.3.1 to 2.3.4.

Detailed calibration information about these &ives Is given In Table 3.2 and

FIgure 3.8. The correspondence between crystal step number (from Reference Zero

position) and waveleng th Is given in Table 3.3.

3-13
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Table 3.2. SOLEX Crysta l Drive.

Step Size: 01 0.008393185 degrees 30.21547 arc see

Angular Range: ~16055 steps = 134.75 degrees

Time for Full Scan: 4.3 mm to go 16055 steps at 32 msec per step

Potentiometer No. 1 Voltage: 0.97 + (0.0001763) (No. steps from Ref. Zero )

Repeatability of Microswitches: I step

Gear Backlash: 20 arc see

0B -  9RZ + ’~The number of steps to a line is given by n
I

where 013 is the Bragg angle ( \~~~ 2d sin e~
) in the range -60.015° to +74.879°

0R1 is the Reference Zero angle:

PC RAP -59.956°

ADP -60.016°

CEMA RAP ‘.60.0500

ADP 40.015°

is the angle correction given in Figure 3.6.2 (in degrees)

0 1 is the crystal single step angular size given above (in degrees)

is the wavele ngth of the line (In Angatroms)

2d is tw icç the crystal lattice spacing (10.648 A for ADP and
26.121A for RAP).

Sean Rate: 4.5778 x lO~~ rad see’’ at 31.25 steps see~
9.1555 x 10’

~ red se&~ at 62.50 steps

V 
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\s the two  ~~ives move , the effective crystal area is changed due to beam

hlo~~t,:~ ~) the detector ;,sse-nhlv. f inite cryst al lengt h and use of a detector shield on

the ( rvs t q !  ~aneIs to prevent direct solar X-rays from entering the detector at small

~~~~~ tn ’ i&--~. Ihe npertur e effic ,ienev is given in Figures 3.9 and 3.10. The effective

~~~~~~~ 
-
~ .- h~ wn it’. t t rc ) for Bragg angles less than 17 degrees owing to the automatic

:t i-~-zlu r ‘ii~J~ voltage cut off discussed in Section 4.7.

L ~‘ l)ct ’ctor ))es i~ n and Test Results

.1. ~~. I S I \ P r i ~j~~rt in nal ( ‘ount~r

V
~~ he detect w for the SO I .EX \ (also called SOl EX 1) spectrom eter j s  a thin

w if lc’, ( ’  c e t l’~ proportinual counter (P’ ~ built hr LNI), Inc. The ehoi~e of such a

detector rnt:iik the ~~ ‘r,f ,rM’ ~ f all data at wnvelength-.. beyond about l4 . -~. In practice

t h ~s - T ~ •ut~ t h i t  act ive re’~iori ccrv?,tio r~ wil l lack 20 are c~’i’ spatial resolution data on

‘~- ni - -- .i- ~rr-. from VII . ‘~ \ II . and th.’ strongest lines of 0 VIII. Fe XVII , and Fe Xvii. The

( )  VII li ne intensit ies :~ ‘ak near a tem perature of 2 s tO 6I~. Solar line fluxes from outside

:i ’t tve regions ~ir” expected to he too weal for si~nifieant ohservations, even with a

channel electron rniiltipl t~-r array (( E\I \~~, with a 20 arc second field of view. It was felt

t~v ,t the reli tht l i t v  and ~‘nbnnced efficiency at short wavelcngt t~ of a P(’ over, for

“xnm 7fr. a t ’F’ .t -\ were nt’er’sc irv for :i spectrometer wi th such a rest ricted field of view

and hence relative ly low predicted counting rates . The use of a flow proportional

counter with ~i thinner window and with an attendant pressure v essel was not permitted

on this s-itellitv ’ . Enhanced overall performance should result from the diversified

detector complement of one PC and one (‘L\IA . 
. 
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The SOLEX A proportional counter (as well as the SOLEX B CEMA) is shown in

1)rawing 1-5811. The high voltage feed-t irough for the three anodes in the PC detect or

vo lta-n e can be seen in this di~awing as well as in FIgure 3.11. Flanking the center anode

on each side are t hree grounded cat hode wires. These serve to di vide the PC into three

separate detectors. The anodes are, however , connected together so that one set of

front-end electronica processes all PC signals. Hecai.~e the three detectors in the case

are not geometrically identical, degraded energy resolution Is a consequence of the

anode int erconnection. Since the Bragg crystals provide very good spectral resolut ion,

the small degradation in counter resolution Li rio t important. The nominal detector

window is 4.7 x IO~~ gm 2 cm 2 of beryllium and the nominal gas fill is 1.2 atmospheres

of 90 percent argon and 10 percent carbon dioxide. The gas maintains an outward

pressure on the window at all t imes, barring exposure to very low temperature and

abnormally high pr~~ ire am bient atmospheric conditions, this avoiding potentially

destructive ~otI-eanning~’.

The efficiency of the SOLEX PC was calibrated by comparison with a standard

dete ct or . Four detectors were avai lable from which to choose. As a preliminary survey ,

window thickneases were determined for two of the window panels In each counter. Al K

and Mg K X-rnys wer e ~ for th is measur ement ; the expected gas efficiencies for

these X-rays are 0.99 and 1.00, respectively. The gas density was then determ ined f rom

measurements of ~~~ (Mn K) X-ray!1, using the window thickneiai determ ination results.

For two counters having thin windows and about the right gas density, surveys of window

thickne~ over eight additional panels wer e made with Al K radiat ion only. The counter

etiosen for flight was found to have a window thickness of (5.3 t o.e x l0~~gm em 2 of

beryllium, w here the quoted error Is the standar d deviation of ten measurem ents. The

gas pressure was measured to be 1.11 atm cspheres . Vario~ PC parameters are

3-2 1
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summarized in Table 3.4. Results of an efficiency calculation are also given In this table

and plotted In Figure 3.12.

Cosmic rays are expected to dominate the SOLEX A PC background on orbit.

About 40 cosmic ray events per second will occur in the detector. For a relativistic

proton normally incident on either of the large—area sides of the detector, the energy

loas will be about 8 keV in the detector gas. This is above the nominal upper level

discriminator setting of 6.6 • 0.5 keV , so most events will be rejected because of pulse

height. Taking a conservative est imate of 20 events per second with acceptable pulse

height and r is et ime rejections (see Sections 3.7.2 and 3.7.3) of 50 to 75 percent we arrive

at a conservative background counting rate es timate of 5-10 see~~. At high latitudes

w here lower energy cosmic rays can penetrate the Earth’s magnetic field, the back-

ground could be three times as high as this estimate.

3.5.2 SOLEX Channel Electron Multiplier Array

The Channel Electron Multiplier Array (CEMA) detector Is used in SOLEX B in

conj unction w ith the I arc mm collimat or . The sensit ive 2.7 in by 2.3 In area of the

detector consists of approximately 1.4 x l0~ individoal channels In which X-rays are

detected and an electrical signal generated. A photograph of the flight detector

assembly is given in FIgure 3.13. 1)etailed InformatIon about this detector Is given

in Table 3.5. The “cathode” has been coated with magnesium fluoride to Increase the

quantum efficiency. Measurements of the efficien cy of the flIgh t CEMA detector

(attached to the flight f ilters described in the next section) were performed using

collimated monochromatic X-ray beams and a flow proportional counter monitor of

known efficiency. Efficiency measurements over a wider wavelength range were

3 -23
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Table 3 . 4 .  SOLEX Proportional Counte r .

Datsetor Dim~~~oasz L00 ln~~2.SO tn z 4.S0 In
Catt~ds MaIwtal* a1tau imm~
Window Thicim..: 0.0011 in • 0.0052 r~ • 10%

Window Matarial: berythian
Ui~~ truet.d Win dow A.raa 201 0.460 a 0.462 • 4.25 In2 .27.4
G T?I eia~~~z 0.75 In • LN cm
C~ MLxt ur~ 90.0% Argon, 10.0% CO2
G~ Total Pr~~ .rii 1.20 .~noeph.r. • 921 Tort
CoWznst~ona lare mtn FWH M
Co~rts Sou l Niribo: 83534

Tim. R olutlon: MaIn SOLEX Data • 32.0 m p c
Ris. t Ime r.j .eu • 1.024 s.c

Liftetwicy Calci~tat1on Cr~~ s etlor frwi~ H nke and T~ tsr (1975) and
Storm and Lasel (1970)

SAMPLE CALCULATE D EFFICIENCY

(A.) £ (ic iV) Efflet.ney

1.24 10.000 0.1105
1.55 8.000 0.3270

•.ooo 0.5610
2 .2 8 5.445 0.8092
2.43 5.102 0.7420
2 . 48 S 000 0.7511

4.782 0.7835
3.10 4.000 0.U1I
3*7- 3.201• 0.9139
3 * 7 .  3.203- 0.3849
4 .13 3.000 0.4290
4.20 .300 0.5*7 ?

~‘ .95 1.580 0.4303
5.27 1.500 0.3931

1.143 0.1285

~ .40 1.000 0.0401

~ J4 3.930 0.0213
0.852 0 0040$

15.17 ‘). ‘ $  0.00142
0.705 3.0001?

0.00006

~.45 0.63$ 0.00001

~.24
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Table 3. 5 . SOLEX CEMA Detector .

Farada y Shield Dimensions: 0.9 in z 3.2 in x 4.4 in

Photocathode Material: 4000 A magnesium fluoride
Rias of Plates: 40 for front, 110 for rear, 150 relatIve bias
Plate Serial Numbers: M3050-O10 for front, M3069-006 for rear
Chevron Serial Number: 101

Size of Front Mask: 2.05 in x 2.60 In
V Active Area: 5.33 In 2 

~~~ cm 2

Plate Thicknese: 0.130 in = 0.330 cm
V Channel Diameter : 3.8 x IO~~ em

Channel LI Th 87
Channel Center Spacing 5.3 x lO 3

em

Number Channels per Plate: 1.4 z io 6

Interplate Sp.dng 0.002 in = 5.1 x ~~~~~~~~ cm

V 

SOLEX CEMA EUV Shield

Polypropylene Thlckneas: (1.89 a 0.05) x cm
Ahuuinian Thicknees: (2450 * 70) A
Serial Number: 10-12

Aerospace Corp. Techni cal Memorandum AT M- 78 (3960-O1)-2 by Landecker and Eng
contair additIonal details.
Cro Sections from Storm and laid (1970) and Henke and Tester (197$).
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performed on the flight spare and supposedly identical CEMA (Serial number 102); It was

assumed that relat ive K-edge effects and estimated uncertainties for both detectors

were similar . A plot of this efficiency as a function of incident photon wavelength is

given in Figure 3.14. The reduction in efficiency near 25A is due to the filters disct~sed

in Section 3.5.3.

Prior to the determination of the flight configuration, many measurements were

made. It was found that a length-to-channel widt h ratio of about 80 gave better

resolutIon than the standard ratio of about 40. The optimum angle of about 4 degrees

between the Incident photon beam and the channels resulted in a reasonable compromise

between quantum effici ency and resolution. I)etalls about this testing effort as weU as

that of the calibration of the flight detector are give n by Landeeker and Eng (1979).

3.5.3 CESI A Filter

The CE’It -~ is sens it ive to I- UV and UV radiation as well as to X-reys . Experience

w ith s im il ar detect o rs on On - t O and OV I-17 (Rugge and Walker , 1968; Walker and

R ugge, 1969) indicated to its tha t high counting rates could be expected at Bragg angles

below 300 due to spec ular reflection of F.UV rad iation by the crystal. To determine

whe t filtering is nece~sary to .-liminate this unwanted background requires knowledge of

the solar E1JV spectrum , the crystal reflectivIty for ELJ V, and the filter transmission; the

firs t two are not well known. Therefor e, we examined the perform ance of past

experiments to define a fi lter that would reduce the F.UV to an accept able level while

still transmitting X-rays havi ng wavelengtha as long as 24.8 A (N VU ls-2p). The resul ts

obt V~ined by the OSO-3 Bragg spectrometer using a KAP crystal (Neupert, et el. 1969)

were degraded below about 12 A by scattered EUV. Since the 050-3 detector viewed

the entire sun and ours views only a small region, we decided that the 2 ~ m
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QE. w! FILTERS No. 10 AND No. 12
ON CEMA No. 101 vsX

20

CEMA No. 101 WITH FILTERS
— 4

1 1 1 1  I I  I
3 4 5 6  8 10 20 30

V WAVE LENGTH (A)

Figure 3. 14. CEMA Quantum Effic iency In SOLEX B Wavelengt h
Range (with EUV filter) .
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polypropylene, 2000 A aluminum filter used on tha t mission would be a minimum for our

CE\1 A. The SOLEX B spectrometer has two filters with a total of 1.89 ~ .05 ~m of

polypropylene and 2450 i 70A of aluminum (see Table 3.5). A complete description of

the techn iques used in the labor atory meas urements and the results is given in Aerospace

Technica l Mem o V-~TM-78(3960-0 l)-2 by Lan decker and F.ng.

Figures 3.15 and 3.16 show the computed CF.MA filter pair X-rf ty and EUV

transmission. At wavelengt hs beyond i000 A, the transmission is expe cted to be less than

a check on the efficiency of the filters we checked som e of the stronger lines

in the spectrum discussed by Behring et al. (1976) normalized to the data of Maiinowsky

and Ileroux (1973) . The strongest background contributor, an Fe IX line at I7 IA , would

yield a counting rate of about 25 sec~~ if the crystal had 100 percent reflectivity and the

detector 100 percent efficiency; both efficiencies are presumably m uch lower. We also V

checked the filter at 2537A u,sing a mercury lamp, which shined directly on the filtered

detector . The lamp emits about 5 x io 16 photo ns per steradian; no counting rate

increase ~~~~~~~ ohserved. In addition to the filter , diffraction in the collimator w II provide

?rotection from contamination at longer wavelengths.
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Figure 3. 15. Combined Transmission of the Two SOLEX Filters (Flig ht

unit ) . The theoretical transmission of a shield con sisting of
1.89 ,.&m of polypropylene and 2450 A of aluminum is given by
the sol id curve and the table Insert. Experimental values are
also noted.
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3.6 SOLEX Motor Drive Electronics

The SOLEX motor drive utilizes stepping motors to position both the crystal and

detector. For a particular angle of incidence of X-rays on the crystal surface , the

detector is moved to a unique angular position to accept diffracted X-rays (see Figure

3.3).

The Bragg angle is determined from the angular step size and the number of steps

that the drives have moved away from the Reference Zero position (9 ~ 
- 60°). If

synchronism is lost between the crystal and detector, it is necessary for both crystal and

detector drives to return to the Reference Zero position. These drives are automatically

commanded to the Reference Zero position when standby power is turned on. No other

activity can take place u ntil both the crystal and detector mechanisms are in the

Re ference Zero positioi Step direc t ion and step rate are derived fro m the command

box. A coarse analog rei~dout of the angular positions of the drives is given in Figure 7.4.

3.6.1 Block Diagra m Description

The power amplifier and its control logic form the basis of the SOLEX motor

drive sub system. It is also necessary to interface the power amplifier and contro l logi c

w ith both the spacecraft and other parts of the CRLS-229 exper iment. The motor drive

power amplifier and its control logic interacts directly with the motors. This flow is

shown in Figure 3.17. The step rate, step direction, and end of travel blocks interface

with the command box. Potentiometer readouts of the angular position of the shafts are

buffered by the SOLEX detector electronics and sent to the spacecraft telemetry

interface. The step rate , step direction , and end of travel signals are logic levels or

transitions. The end of travel logic state is controlled by micr oaw itch closures.
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The angular positions of the detector and crystal assemblies are independently

contro llable. 1)uplicate circuits are used for both ; this circuitry Is shown in Aerospace

[)rawing L-5! 83.

3.6.2 Stepper Motor Paramet ers

The stepper motor is a permanent magnet type. It has two quadrature center-

tapped windings. The motors were manufactured by Kearfott (Part Number 05088-

( M40191048). The winding resistance to each center tap is about 500 ohms.

3. ’L3 Moto c l)irection TermInology

A switch closure at Referenc e Zero results in a logic zero to the motor drive

subsystem and causes the motor to move in a positive angular direct ion away from

V Reference Zero . The follo w ing table defines the detector and crystal angular positions

at Reference Zero and the upper end.

Reference Zero Upper End
0C rystal A

~ 
at -60 B~ at ~

Detector A 1) at -120° at 4 150~

A
~

, H
~

. A 1) and H11 equal 0 when the respective microswitch is closed and th is
information is c%lpplied in telemetry word known as PFORM2 (discrete format number 2
lis ted in the gIo~~ary in Section 10).

3.6.4 A ngular Rate

The motor steps in 900 increments. The step rate is keyed to the spacecraft’s main

frame (MP) telemetry rate. Two rates are avail able , 62.5 Hz and 31.25 lIz. Motor steps
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occur at the beginning of main frame word 1 for the case of 31.25 Hz. For the 62.5 Hz

rate this transition occurs at the beginning of MF words I and 65.

3.6.5 Motor Power

The power consumption of the SOLEX motor drives is essentially constant. The

motor am pLif *e~ are alwa ys on when the motor drive subsystems are energized. There is

a slight reduction of power when the stepper motors are in motion. Power consumption

for both motors is 4.8 W.

Spacecraft power to the SOLE X motor drive is interr upted by execution of the

V - SOLF\ \ IUNFX ~28V OFF command. Power is restored by execution of the SOLEX

~ N command.

V 3.6.6 11e’tr uV’ft1_t)e-’4enpt%on

In ord.’r to m in im i ie the effe cts of stepper motor operation on the spectrome ter’s

detection sVs t ,~rn . the stepper mc~ nr’s power amp lifi er and associated logic were not

operated i~~t telemetr y ground. In addition, the stepper motor itself was dielectrically

isolated from the spacecraft chassis . ( ontrol signals from the command box are iso lated

~V,
V relay c w i t ~ hes . The s te p rate pulses are tra nsform er coupled into the power

V a mp l i f a u ’ rs  control logic. The control logic~s power supply (5V1)C~ ground is connected to

~.; i4’P(’rft f t  power return.

The main objective of the power amplifier’s control logic is to cause the stepper

motor to turn 90 degrees for each pulse. If the direction of the motor Is changed, the

logic c ir c uitr y must cause the power amplifier to reverse the stepper motor’s angular

motion and still maintain a 90 degree step for each pulse.
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3.6.7 Motor Power Filter

The motor power filter serves two purpos es. Firs t , It attenuat es st epper motor

current surges on the spacecraft power lines. Second, turn-on current surges are limIted

and stErt circuit protection for the spacecraft power line Is provided. The windings of

the stepper motor form the filter ’s electrical load. When the m otor is at rest the load is

the winding resistance of the motor , approximate Ly 250 otni s. W hen the motor is in

motion the load obeys Lenz s Law and a slight reduction in load current Is experienced.

The motor power filter is a series regulator. Its output Is nomInally 22 VDC. The

motor curt Ynt changes only sl ightly as a function of st ep rate and tem perature. The

ripple curr ent as seen by the spacecraft is approx imately 2 m A peak-to-peek.

3.6.8 Step Rate Interface

The sp ectrometer stepper motors undergo a 90 degree step upon receipt of each

pulse from the com mand box. The minimur~ pulse to ca uae a step motor response is 5 V

for at least one gisec w hereas the minimum pulse generated by the corn mind box is 12 V

for 300 Macc. Upon receipt of each pulse, the Interfa ce circuit Is disabled for

approximately 8 macc. This input circuit deadtlme feature Is compatible with the

max i m um input pulse rate of 62.5 Hz. A tra nsform er Is iaed at the input to Isolate the

two subsystem grounde.

W it h i n  microsecon~~ of receipt of the leading e~~e of the driver pulse, stepper

m otor act ion is initiated. The period of tim e for completion of the 90 degree motor step

V is about 10 macc. Creation of an 8 m acc Input circuit disable deadlime serves the sem e

purpose as establishing the upper frequency in a b.ndpaai filter.
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J. r~.9 Step 1)irection Interface

As mentioned previously, a switch clos ure in the command box results In a logic

zero at the step direction interface and receipt of step pulses wi ll cause the motors to . 
-

V 
dr ive the spectrometer away from Reference Zero (see Section 3.6.3). Switch closure is

neco’n;~li’hed in a few mi Uisecon k. The command box inhibits step pulses during the

switch ekxcure transition period.

i. ’i . 10 Electrica l End—of—Travel Interface

The spectrometer motion is bounded both electrically and mechanically. The

electrical bound i s  implemented by actuation of microswitches. Microawitch actuation

disables the input step rate circuit. No further spectrom eter motion can occur until the

motor direction 1og~c is changed. The states of the micr acwitches are duplicated via

relays, w hose contacts transfer the microswiteh information to the command box. Thus,

independence of sut,c vstem grounding i~~ maintained.

3.6.11 Motor Power ~mpIifier and (ontrol logic

The method of motor excitation implem ented in SOLEX is called two-phase drive.

This is accomplished ~ driving the four windings two at a time. The four w ind ings form

two quadrature pairs . V~~ set of two windings forming a quadrature pair upon excitation

generate opposing magnetic fickls. To es uise stepping action, only one winding from a

quadrature pair ;s excited for a particular motor position. For two-phase operation one

winding from each quadrature pair is exci ted for each motor position. The control logic

circuitry cre at es the pow er amplifier signals f rom motor direction and step rate signals

to implement the proper excitation of the quadrature windinga. The logic circuitry

retains the information concerning the current windings excitation, and upon receipt of
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step rate pulse takes on a new state which resuits in a 90 degree step. Let the ‘t wo

quadrature pairs be defined as A and B, and further let the wl ndinp of each pair be

defined by subscrIpts 1 and 2. The four motor positions can then be defined by the

following Table.

Position Wir idings Excitation

1 A 1 A2 B1 B2
2 A 1 A2 B2

V 

3 A 1 A2 B2
4 A1 A2 B1 B2

w here a bar over a letter s ign if ies a non-excited winding.

A motor winding may be considered as an inductor In series with a resistor. The
V t ime constant (LIR) Is of the order of 10 macc. The function of the power amplIfier is to

V imp e~ a voltage across the winding. For the current In a winding to reach 95 percent

of its full value requires about 3 time constants, A voltage is impressed across a winding

at 1 4 the input step rate , so t bat each winding receives 95 percent of full current at an

Input step rate of 4 /0.032 125 ste pa see ’. A descr iption of both the control logic and

power amplifier circuitry is shown in Aerospace Drawing L-5283.
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3.7 SOLEX L)etector Electronics

The SOLr.X experImen t has two ‘~iependent detectors: a sealed gas-titled V

proport ional counter (PC) and a ehanne ltro n electron mult iplier array (CEMA). Outp uts

fro m both detectors are sensed in a similar fashion . For each X-ray photon sensed by

the detectors, a single detector output pulse occurs. The a~ ~litude of the output sig nal

from the p(V~ is proportional to the energy of the X-ruv ~hereas the output from the V

( ‘E~lA is essentially independent of energy.

The basic signal acceptance criterion is determined by the minimum and

maximum signal amplitude selected thresholds. ~ 
V ,~~~~~ .~‘e of the PC, another criterion

related to t he signal collection time is a Lso ~~~~~~~~~~~~ The PC signal collection time is

used to allow some reduction of background events which on the average have a longer

collection time. If the output signal from a detector s.at isft i s the amplitude and risetime

cr iteria , a dig ita l acc umulator ‘s incremented by one. The main data outputs (SOLF.X A
V and SOL .EX 1)  give the num ber of de t ector pu lses which .cat isfy these electrical

constraints per tclemet rv main frame (32 msec).

In addition to X-r ay detection electronics there are commandable controls and

V V housekeeping monitor outputs. The commandable controls turn the ;~ower supplies on and

off , and set the programmable high vo ltag es. Monitors provide an indication of the

output magnitude of the high and low voltage power supplies. The angular position

potentiometers (described in Section 3.6) are also analog outputs.

V 

\ block diagram for a typical SOLEX det ector is shown in FIgure 3.18.

The high voltige power supplies used in (‘RLS~229 use a standard Cockroft-Wa lton

design. i t hese supplies, the spacecraft day power (, 28 V) drives a blocki ng oscillator

from w hcPi a 2S kIIz sinusoidal output is derived. This output in turn drives the voltage
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V multiplying circuit from which high voltage is derived. The output is variable over a

range 
~max ~

’2 to 
~max ’ The output high voltage is set by inclusion of an appropriate

V resistor.

V 3.7.1 l)etector Sensitivit y

The gain of the CEMA is almost independent of the X-ray energy . For each X-ray

approximately io6 electrons 
~~~ 

are collected. The collection time is about 10-20 nsec.

The charge is collected by a charge sensitive amplifier which converts this charge into a

voltage puLse. The charge collection capacitor (C) is about I pF. The amplitude of the

voltage pulse out k given by the equation

N e  -V Q e
= l .6 x 10

where e is the electronic charge (1.6 x 10~~~ cou lom bs). It follows tha t the nom ina l

ampl itude of each X-ray event is 160 mV ,

The charge outp ut of the P(~ is proportional to the energy of the incident X-ray V

(Es). The corresponding voltage output from the charge amplifier is

- 
~~~ 

(
- 

C (0.03 keVTT~

The PC gain (G) is about I0~ and the amplifier charge collection capacitor (C) is also 
V

V I pF. The amplitude of the output voltage pulse is therefor e

V 5.33 x io 2 E (keV)

The nominal output for a I keV X-ray is 53 mV. V

V — V~~~~~~~~~ V - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~~~~~~~~~~~~~~~~~~~~ V



3.7.2 Amplitud e Detection Ttwes holda

The electronic dynamic range of the SOLEX electronics is 150, f rom 10 mV to

1.5 V. The lower and upper level discriminator voltage fixed thresho lda are 15 mV and

300 mV for the PC and 35 mV and 1.5 V for the CEMA. Adjustment of the m agnitude of

the high voltage power supply outputs changes the detector gain and thus is used to

match the desired X-ray ener gy ranges with t hose of the electronics. As shown in Table

3.6, the nominal electronic energy range (or the PC corresponda to 0.4 - 6.6 keV. X-ray

events which deposit this energy are eandidat es for primary data events. Any event with

an amplitude le~ than the lower level discriminator (LLD) threshold is ignored. Any

V event with an amplitude greater than the upper level discriminator (ULL)) threshold is

excluded from the SOLEX A or 13 event scalers.

3.7.3 Risetime Criteria

The proportional counter is equipped with a riset ime discrimination (RTD)

network as a background reducing device. W hen an energetic charged particle or a

gamma ray interact s in a proportional counter, it al mos t always leaves a long ion ization

track and, since the electrons from these ion pairs are collected relatively slowly by the

counter anode, the pulse has a relatively slow risetime. On th e other hand, an X-ray is

absorbed in a photoelectri c event (at t hese energies of interest ) at a very localize d

region in the counter. Since in this case the electrons all migrate to the anode together,

a m ore rapid pulse risetime results. Hence, by eliminating the events with long riset ime,

the RID increases the sig nal-to -noise ratio.

The riset ime discriminator uses a tapped, shorted delay line to generate an output

signal which is sam pled at a spe cifIc time after the pulse height pe~~es a lower level

threshold. If the riset ime of an input signal is longer than a specifIed value, the sam pled
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signal is rejected. The limiting risetime was set by adjusti ng the delay period. An RID

pulse is generated for acceptable events.

The RID circuit was adjusted until a large traction of the charged particle events

was rejected while most leg it imate X-ray events were not. The detector was irradiated

w ith low energy X-rays . This test was t hen repeated using a Co6° gamma ray source.

The delay was set so that 97 percent of the X-rays were accepted; 46 percent of the

Co6° gamm a rays are rejected at th is setti ng.

3.7.4 X-Ray ~.vent Acctinulation

The SOLEX A PC process es a sig nal output consisting of the number of legitimate

X-ray events between the LLD and ULD with acceptable risetime and a background

output comprised of the number of events between the LU) and ULD with excessive

risetime. The SOLEX B CEMA accumulates a signal output consisting of the number of

events between the LLD and ULD as weli as a background estimate com posed of the

number of events above the ULD. Signal events are accumulated for 32 msec in 13-bit

registers whereas background events are added for 1.024 sec in 16-bit registers (see

Figure 7.3).

3.7.5 Commanda

There are fi ve discrete corn manda which affect the power stat ia of SOLEX.

V 

These comman da and the ir effects are descri bed by the following mstnx.
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V Command Low Voltage Circuitry Active Detector Active

(a) SOLEX •28V On Yes No(un less (b)or (c)alsoon )

(b) SOLL\ LIV PS I On Yes (only if (s) also on) Yes (only if (a) also on)

V 
(e) SOLEX UVPS 2 On Yes (only if (a) also on) Yes (only if (a) also on)

(d ” SOLL X \IO N LV: x • 28V Off No No

(C) sou:x MON E\ HV PS Off Yes (only if (a) also on) No

The command sta te i~ maintained by use of latching relays. If the spacecraft power is

turned off and then on, the SOLEX circuitry state will return to its original configura-

ton.

There ~tro four bits \ l -V 4  received by the Command Box (see Section 4.5). These

signals control the output voltage of the high voltage power supplies (HVPS). The

following mat r ix ie~ t~ribes the output value of the 11\PS as a function of the input logic

level of these st~n~iL~ applying to the PC and CEM A , respectively.

V I t i tV l  0 1 1 0

B i t \ 2  0 (1 1 1

IIV I R d 98 k  ohm 9 8k  ohm 103 k ohm lllkohm

LIV I Outpu t Low ( 1940V ) Low (1940V ) Medium (l990V) High (2040V)

HVI  Monitor 1.94 V 1.94 V 1.99 V 2.04 V

PC Nominal Voltage

3-4
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-‘V ~~~~~~~~~~ • —~~~

LVV~~ ________________________________ V 
- ~~~~-—•—- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~_V —~-—~~~~



V J  

~~~~~~ 
~~~~ 

~~~~~~~~~~~~~~~~~~~~~ 
V~~~ 

~~ V~~~~T - V

Bit V3 0 1 1 0

Bit V4 0 0 1 1

HV2 Rad. 322 k ohm 322 k ohm 805 k ohm 855 k ohm
V LIV 2 Output Low (1340V) Low (1340V) Medium (2620V) High (2770V )

HV2 Monitor 1.34 V 1.34 V 2.62 V 2.’? V

C E M A  Conditioning CEMA Nominal
V 

Voltage Voltage

V 3.7.6 [)etector Power

V The power required to turn on all the SOLEX detector low and high voltages is 1.0

w.

V 
~~~~~~~~ Analog Monitors

There are six SOLEX analog monitors. These are used to indicate the health of

the SOLF.X electronics . These include LV and H\’ monitors as w ell as the crystal and
V detector potentiom eters and correspond to the first six entries In Table 7.3. The SOLEX

potentiometer calib ratio n curves are given in Figure 7.4.

3.8 System Eff ic iency

The SOLEX system efficiency can be caic if ted from a product of the efficien-

~ies given earlier in this action as follows. 

- V 
V V  V V V V ~~ • V _ V V . ~~~~~~~~~~~~~~~~~~~~~~~~~~ —- ________
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In the SOLEX Sean Mode,

N( A) C F( A) R~
( A) A( A) Ed( 

~
where

N ( A) Counts in a line at wavelength A , per scan

F( A) Incident flux (photons cm 2see~~)

A) Crystal integrated reflectivity (rad)

A C A ) Aperture efficiency

Ed( A ) 1)etector quantum efficiency (including LUV shield)

and

A t e C rt fd ta

In the exprc~~ion for ( ‘
.

Nominal collimator area (cm 2)

Nomina l normal incidence collimator transmission

ralculated collimator efficienc y as a function of angle

Crt Efficiency of risetime circuit

d Fraction of detector aperture that is open

= Crystal angular velocity (rad see 1).

For example, at 3.2~ into the MW side of SOLEX A (20 arc see collimator,

proportional counter detector) at the faster crystal rotation rate (62.5 steps

R (  ~
) 3.~~ x lO 5rad

\( A ) = 0.49 (see Figure 3.9)

3-4 8
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_ _ _ _ _ _ _ _ _ _ _

Ed( A )  = 0.89 (see Figure 3.12)

A 0 25.8 cm2 (see Table 2.1)

= 0.237 (see Table 2.1)

te 0.800 (for maximum collimator transmission)

Crt 0.97 (see Table 3.6)

0.83

w 9.1555 x 10 3rad sec~’

and therefore

C = 430 cm2rad sec t

and

= 6.68 x ~~~ counts photon 1 em2 see

and

1.50 x io 2 photons cm 2 see 1 cou nt.~

The system calibrat ion results for SOLEX A are given In Table 3.7 and plotted In Figures

3.19 - 3.22.

In the case of SOLEX B for the same conditions as above ,

A 0 = 25.8 cm 2

= 0.223

t~ 0.867

= 1.00

d 1.00 (no counter strongt*ck)

9.1555 x 10~
3rsd s c 1

3-49
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and therefore

C = 539.4 cm 2rad sec.~~

The system calibration results for SOLEX B are given in Table 3.8 and illustrated in

Figures 3.23—3.26.

If the incident beam Is at a different angl e to the collimator axis , then It is

necessary to make t~ a function of angle

t e t e ( O
~~ ~~~ = t

~~
(o

~
) t,~~(O~)

where t ,~ and ~~ are the collimator efficiency transmission for the XZ and XY planes,

respectively, plotted in this report.

The curves of system efficienc y (flux/count ) in this report are for the case of

maximum collimator tra nsm iss ion (an on-axis point source) and include a “photon b rrfer”

(see Section 3.4) for both SOLEX A and SOLEX B.

For the case of the SOLEX experiment in the raster mode where the crystal and

detector are stat ionary, the counting rate

N1(X)  = C1 F( X) R~(X ) A~~) Ed~~
)

where

N1( X) Counts sec 1 at wavelength X

F( X )  = Incident flux (photons cm 2see~~)

R~( X) Crystal peak reflecti vity

AP) = Aperture eff ic iency
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A) Detector qe~ ntum efficiency (Including EUV shield)

and
— 

C = A t t e t fd

where the above symbols were previously defined. In one spacecraft telemetry main

frame (32 macc), the number of counts recorded is

N%IF ( )~) rN ’( A) counts sec ul 10.032 se&.

To convert fro m ~ 1 to F( A) , multsply NMF
( A) by “FLUX/CTS/MF” In Tables 3.7 or

3.8 or thvidc by ~
( ‘Ts;%1F ’FL ux 5 given in Figures 3.19-3.26.
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3.9 (‘alibration Sour ce

In order to check the health of the S( LEX proportional counter and (‘EMA

detectoN, a magviesium fluorescence source excited by alpha particles from Cm 244 is

included. Ehis (‘uriu~~-244 source ( Aer~~pace number 217) had a measured activity of

0.98 m( 1 on 1 January 1977 ~tns1 a half -life’ of 17 .6 veaes. A maguesium target is used to

convert the alphs~ particles f rom this source to X -ravs characteristic of excited

fl “S i t i~fl itO~’1’.- . 5.lg Ka emission at 9.89 k is in the middle of the wavelength range

for ~sath  d e t e t s  - -.. The ~olIt rutted sour ce is loesited on the ervst~i1 panel in such a way

that the t w o  det . ’to - v u w  it only near the \~ -\ \ 1\P position (si-’ e Section 4.4 ).

0111m -at i .) f l  t s  ‘.U4’~ thft t 1 1 .1St - 1  each detector i~ illumiruited. -‘ I • S x 10~~ cm thick

~~~~~~~~~~~~~~~~~~ I ~il ~s ~r~ed to shield the ‘I~sl \ from most of the alpha particles emitted h~
t~ sc sour .~’e. I nuntiri i~ r~ite’. ii t!w ~! -\ i \1 \I’ position are 410 cec~~~ for SUI.L\ A (I see 1

baeki~round) ‘tn ~ 1fl ~ sec ~
t 

f * r  ~( ‘) I .LX U (3~ se ’ 1 background), in the laboratory.

I “ifferent !taekgrouncts ; r s ’v~t I in S~~~I~~+’.

3.10 ~~~~~ ~sf t I5ointed Iastrument
__~se-n t~v (PIA) -

Usi~~~~ the cpa ceer~ft PI~ . ( ‘RIS-229 has the capability of being pointed at any

part of the solar .hsa ~ ts we ll  ‘is forming a two dimensional solar map. A sum’risry of PIA

features is given in Table 3.9. th illustration of the spacecraft offset mode patterns is

given in Figure 3.27 .

3.11 Sam ple SOLEX Instrument Res ults

1)ata from all of the instruments in the (‘RIS-229 payload are recorded, whenever

the instrtinents are on and can view the sun, on a P78- i satellite tape recorder. These
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data are transmitted to ground stat ions, at appropriate times, before the tape recorders

are full. In ad~~tion, during satellite passes over ground stations data from the satellite

and all of the payloeda on board are transmitted to check satell ite and payload health.

Only limited data , typ icall y for a few minutes from any payload, can be obtained on a

single real time pass because of data transmission restrictions from remote ground

statio ns . At the t ime of the writin g of thi s paper we have received only such real time

data. Further , we obtai n onl y a single softwar e mode which allows us to look at solar

raster ing maps (large or sma Ll), spectrometer spectral scans (SOLEX A or SOLEX B, not

both) or MONEX data during real time pass es. In the near fut ure we will be receiving

production tapes of all of the (‘RLS-229 payload data. The purpose of this section of this

paper is to provide samples of dat .~ received to date showing the excellent spatial and

spectral resolut ion of which the pay loa d is capable.

3.11.1 Solar Maps in Single X-ray Emission Lines

Solar maps with 20 arc see or 60 arc sec sp. al resolution at com mand selectabl e

wave lengtI~ from 3 to 25A are rout inely generated. In a ty pical obs erving sequence

SOLEX makes a selectable nimiber of maps at on-j ’ #avelengt h, then goes on to make the

same nianbei of maps at a nuniber (ty pically 4 to 6) of other preprogrammed (by

com m and) wavele ngiha . Smal l raster maps (5 x S arc m m )  take 61.4 sec to generate;

large rast er maps (45 x 45 arc m m )  take 491.5 .ec.

Figure 3.28 is an example of a small raster map made with the 20 arc sec FWHM

field of view spectrometer. This map was made at the wavelengt h of the resonance line

of the helitan -like ion Mg XI at 9.169*. The observation is of act ive region 1638 (AR

1638) and was made at 0049 UT on 25 March 1979 during an M2 (x-ray classification) B
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3 2 2 4 2 7 6 2 2  6 4 4 1 2 4 1

2 5 2 3 5 10 10 22 15 5 6 0 3 1 2

2 6 4 6 18 31 52 58 27 14 5 2 0 1 2

4 2 5 7 21 63 104 109 80 42 6 3 1 1 4

S 4 4 8 4 1 114 184 189 161 82 16 5 5 4 3

8 4 4 16 47 146 421 795 547 192 26 16 6 8 2

II 16 2 1 26 39 200 1003 3767 1360 159 30 9 19 11 5

4 10 16 11 24 96 237 605 324 102 23 10 8 5 1

12 8 10 6 iS 54 112 135 152 63 16 8 9 4 5

7 9 6 6 8 21 59 121 89 37 IS 8 7 2 4

4 5 It ) Il 12 18 24 40 26 11 12 3 5 8 6

6 8 6 17 8 13 16 11 7 11 17 13 13 11

2 7 11 10 9 11 14 19 9 9 7 12 17 12 8

4 2 6 5 11 4 7 8 10 5 7 6 3 Il 12

.1 1 ~ 6 4 1 3 5 10 6 1 1 4 6 10

F i i~ure 3. 28 . M2 T~ Suhfla re in AR 1t~~8 observed at 0049 UT on
2~ Ma r t h  )~ I79~ The f l a re  maximum was at 0040 UT.
The SOLEX A 20 a r c  sec E W I I M  FO(V collimator was
used to generate this map at 9. 169 A in Mg Xl l s - Z p.
Eac h number corre s ponds to the number of counts in
0.2 56 Sec .
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subflare t hat peaked in intens ity (according to Ha ground -based observations) near 0040

UT. In the figure the spacing between the ntanbers corresponda to approximately 20 arc

see both horizontally and vertic ally, i.e., the map is about 5 arc mm on a side. Each

nun~ber corresponda to the integrated number of counts obtained In 0.256 seconda. The

temporal resolution is actually eigh t times better than that; however , eight successive

count ing values on a single horizontal line have been added to allow a more compact

presentation at a spatial resolution about equal to that determined by the collimator.

These data represent the first satellite-based x-ray sol ar maps made at this spatial

resolution in a single x-ray emission line. As can be seen, the flare core Is of small size

(but not consistent with a point source) as has been reported earlier from observations

made from x-ray telescopes on Skylab (Vorpahi et al., 1975; Kahler et al , 1975) with

better spatial resolution, but over a broad range of x-ray wavelengtta. A quick analysis

of data presently on hand appears to indicate the sizes of active regions and flares are

dependent on the x-ray wavelength in which they are viewed, a result consistent with

most theories of solar flares and active regions.

The pointing stability of the pointed instrument assembly is very good and results

in exceLlent spatial registration of successive raster maps. This means the development

of an active region over a long period of time can be analyzed using raster data with

confidence in the image registration. Furthermore, w hen activity is low or weak lines

are being observed, st ati s ti es may be Improved by simply summing a succession of

raste rs point by point , if the region under observation is not varying rapidly in intensity.

3.11.2 ~~ect raI Scans of a Small Solar Region

The pointed instrument assem bly (PIA) of the P78-i spacecraft is capable of

pointi ng the SOLEX spectrometers to any point on the solar disk with a resolution of 20
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arc see and a stabiLIty of better than 1 arc see for a time of several minutes. At the

times when the PIA is commanded into this “ offse t point mode,” the SOLEX spectro-

meters perform spectral scans over a progr ammable series of wavele ngth ranges (usually

2 to 3 ranges are used for each spectrometer) . In a typical sequence the spectrometers

each perform a selected number (1 to 13) of scans over one wavelengt h range and then go

on to perform the same number of scans over the remaini ng selected ranges. The Bragg

crystal scan rate can be selected to be eithe r 0.26 degree see~ or 0.52 degree see ’. By

limiting the total scan of the spectrometer to a narrow wavelength range (by corn-

manding the wavelength registers in the CRLS-229 memory) high temporal resolution

over a limited region of the x-ray spectrum can be obta ined while maintaini ng the

excellent spatial and spectral resolution afforded by the SOLEX spectrometers.

An example of a single scan taken over a relat ivel y narrow spectral region is shown

in Figure 3.29. The data were taken using the 60 are see spectrometer with the RAP

cry stal scanning in the fas t mode (0.52 degree see~~). The t hree stro ng emission lines

seen are from the 2p - 3s multiplet of Fe XV II at wave lengt ha of 16.77, 17.05 and 17.10

:\. The observation was made at 1343 UT on 22 March 1979 while the spectrometer was

pointed near the center of active region 1638. Ground-based obse rv ers reported that a

Class 2N flare , observed in H - , reached a maximum at ~ 1400 UT in this active region.

This particular spectrum is shown to illustrate the excellent spectral resolution as

indicated by the clean separation of the two emission lines at 17.05 and 17.IOA. This

separation is equal to tha t achieved by any previous solar x-ray spectrometer and is

somewha t better than that achieved by the previous best satellite-based measure ments

(Walker et al., 1974; Rugge and Walker , 1978). Somewhat better resolution may be

anticip ated when spectra are obtained In the slow step crystal scanning mode. In that

mode integrated counts are read Out after each motor step. In the fast scanning mode

3- 68
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AR 16~~WITH SOU X 8
22 MARCH 397~ AT 1343 UT
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3Fi X V II  ?p6.2p~3s p
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— 200 113
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~~~~~~~~~ 
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Figure 3. 29. Short Spect ral Scan of 60 arc sec Spectromete r Using
RAP Cry stal. The stronge s t lines see n are those of
the 2p -3a transit ion in neon-like Fe XVII.
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the counts from two consecutive motor ste~~ are summed.

Laboratory tests of the CRLS-229 hardware showed, and on-orbit observations have

confirmed, tha t the SOLEX spectral scans (in either direct ion ) are repeatable with a

Rragg rvs~al angle offset of less than one arc m m .  Thus the addition of a large number

of mndividu~tL scans can be carried out , to obtain very good statistics , with a negligible

loss of spectral resolution. This is especially true at the longer wavelengt hs where the

natural crystal diffraction widt hs greatly exceed one arc m m .
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4. COMMAND BOX ELECTRONICS

4 1  Command Box Fw~ctions

The Command Box is required to :

1. provide a mem ory consisting of twelve 16-bi t wor da. These groupa are required to

reset into a pee-wired patter n w henever the stan dby power bus is turned on , and

to be changable by spacecraft com mand to new patterns as required by the

current SOLEX observat ion program. Ten of the worda are used as SOLEX wave-

length registers and two of the wor~~ are used as control registers (16 bits each).

2. receive and decode spacecraft serial magnitude corn manda so that the experiment

mem ory can be changed.

3. rece ive and accum ulate 4 inputs (13 bits each ) from the main SOLEX and MONEX

data lines. These are called the priority A signals SOLEX A, SOLEX B, MONEX A

and MONEX K.

4. recei ve and accum ulate 18 inputs f rom the SOLEX and MONEX auxiliary date

tines (such as rtset ime and upper level discriminator rejects, and pulse height

information) . These are called the priority B or BSUB signals.

5. form the accum ulated data into appro pelate serial digital telemetry bit groupe.
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6. form the memory play-back bit groups into the appropriate serial dig ital

telemetry signal , and format this with the priority B data into a 32 deep sub-

commutated signal called RSUB.

7. form the SOLEX stepper motor posi tion register into a format suitable for

inclusion into the telemetry signal. This is the XMO1’OR signal, a 16 bit group

wh ich is partially entered into the telemetry format in any one telemetry frame.

8. include in the telemetry digital signal a playback of the command box counter

which indexes the 32-point commutator. This minor frame count (MFCT) signal is

included in the instrument output for easing the data reduction burden in the

group data handling process, as well as to facilitate the use of the lab test

equipment during test and check-out.

9. receive and distribute int ernally to the command box the sp acecraft telemetry

chx’k and sync signals.

10. receive and distribute internally to the command box the spacecraft Raster Mode,

Pattern Generator l)isconnect , and Start of Raster (SOR) signals. These signals

are used to control the operat ing mode of the command box, and thus the

operating mode of the experiment.

II. receive the spacecraft Master Eram e, ~1ain Fram e (not used) and the 31.25 Hz

square wave sync signals, and to make up from these signals all timing pulses and

levels required for the op eration of the command box.
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12. receive and distribute the 5 SOLEX orientation relay discrete commands which

are needed internal to the command box (e.g., “Go to Xi Position”).

13. receive the analog signals from the two refractosyn sun sensors mounted ~ the

SOLEX collimators, and convert these signals into digitaL bits included in the

telemetry output shown in Figure 7.3 as B1 and B2.

14. receive the analog levels from three thermistors mounted in the main body of the

CRLS -229 hardware, and supply these levels, suitably buffered, to the spacecraft.

15. receive 28 Volt DC power from the standby (launch) power bus in the spacecraft.

This power operates the command box via an internal free-running inverter

operating at approximately 25 kllz.

16. operate reliably for 1 year in orbit.

4.2 Command L3ox Circuit T)ese r iption

A detailed description of the CRLS-229 command box is included in this section;

it may be skipped by readers interested only in a more general description of th~
payload.

All digital logic is performed using Cosmos (RCA’ s CMOS) logic elements. These

elements were purchased to a radist ion hardened high relabi l ity specification from the

vendor , and are rated at I x 10~ reds (Si), equivalent to a one year mission in orbit.
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( onsidernble use in the command box is made of digital comparators (a dual-in-line quad

~f tht~~ ~omparatoN) purchased to a ~tlL-STl)-38Sl0 specification. Occasional use is

fl fld5~ of t he ~tnnIo~ t~ er~it ional ~t n  plif ier type LM 124 . and of som e discrete transistors,

es 2 N 2 2 ~ 2 and 2N2~ u7 -‘ ( \ t l t . -S F l ) - 3 8 5 l 0 ) .  One pair of junct ion field effect

t r - in t~rc . type 2 S4 0 9  I ~.nd one pair of analog regulator mierocircuits ~1lL — sr l ) — 3 851 0)

‘irr -i~~~~~ s’~~ t ’ r ~~~~~ i~~~ ~~~~~~~~ . ~~~ 
-- S I’Ii res isto r’.. capacitors tc the lowest failure

r’ it .  v ’ t l ! t ~~1’ .~~,fl
4 •spei . 44  “ tn’n ~~~~~~~~~~ 

- linked ~x okup wi rt  crc u~sv~i in t he assem bly

~t the ~‘ireui t r - .

I ‘‘~ •~r f u ’e  ~~i 
. ‘ tn  t’. ~~~ r~

5
~’~ ‘r~ e’~ in the Electr ica l tnt erface ( ontrol I )rnwing,

ill ‘ ‘ ‘~~~~~~
- - . ‘‘! ~~~~~~~~~ 4 .L’~ . I ~~s — ~r ir~~4 i t - ~ ~ :,k~’ use of the l.\1139 com parator , with

nt  .-r~oiI ~~~~~~~~~~~~~~~~~~ I~’v . i ’ . of ,~~ t~~,’r ~
‘ or •4 Vo lt s . as  required hv t he nature of the signal

5~~~~ : 
~~~~~~~~~~~~~~~ \~I ~c ’ - -~~~~~~ ii’. ‘~~~e;~t ~~ e !i~~t~iI t q ~It~ ’’ , t r ’ ~ ~nd ‘e ~ mnnd data signals

t A - ° ~~~~ ir.~ ns’ .~ i!l ve I i-U I . ~~~~~~~~
— t he ;~~s i t i v i ’  ( r US H  li ve l being supplied by a pull—

i~~ re s lc t )r ~~!_~~ ~~~ s•~ ( f l~~ ‘~~~‘. ‘ ‘h’.h~ s ( ‘  i t i~ i I i tv  of signal levels between

s .s t ’ ’~’ - s . ~~~~~ ~~~ ~~~~~~ ‘.5t~~~- t s i i ~~~’~ ‘,r’ posit ive TRI l . w i t h  the ~w ,s it i ve  level being

- .t - ’ r -  t~~ - r~~’. iv ’5 r  oirruit.

I ‘~ , ~~~~~~~~~~ ‘~e ‘ri :’t i~ n — i~~e ~~vrn t~w follr iwin~: par’’’.. l’he rfl eniorv cec t i n r i  of

‘ ~~ m~n~ bos s f r — .~ -~~t~’ -~~~r t .  ~~ f t v ;~~~~ ( 1)4 0 34  r : t e r ~. fli~~s’ chips each

n t ~ni ~ ~ii t.~ -~~~ t he  r.’~;~iir’~~ lt~ per ~~~~~ l’w ;~ n~f r - on mem ory of pre—wi red f orn is

the h~i r ’ - - w i r ’- t ~~ ;~‘ - r - . -‘n t he ~ tr~ts . which force the register contents to the

‘h’ -.ireit v ’ i i - ies . ‘~e’.~ d at 9  ~:ro I:~ . ~ir’ loaded into t hese registers serially ~ the serial

r~i~~nitwk’ command cloek ~in’t data signals . t o  a ddress the desired register. an

,)~~~f r -~s 
~ : ~~-‘r~ Is f ir’.t sent ,  containing ii leading flag bit to define t t w  group R5 an

fid( lresc . n’ t  ci data rou;~. ~nv number of such address groups can be sent , wi th  the final

one sent be ing the one acted on. A data group is then cent , w ith  a leading f lag bit
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defining the group as dsta , not an addre ss . This group serially enters only the register

addressed. Any nim~ber of such groups can be sent , with the las t two such groups

defining the final value of the register. Since t hese address and data groups are 9 bits

long, inclusive of the flag bit , it is neeesary to send a minimum of one for addressing and

two f or filling a 16 bit mem ory word. A fter filling a memory word, the address pointer

ri maios at th is word, so that the address need not be present at a later time unless to

hange the word addressed. This mem ory of the addressed word is include d in the

te lemetry read-out format so that the ad&e~. ,f the pointer is always known. The

comp lete contents of all memory wor ds are also read out in the teleme try at a rate of

once per 1.0 24 sec in the su b-commutated priority El Information. In this entry and read-

out sctiem e, the so- called control words in memory are tr eated the sam e as the

wavelengt h words. All mem ory is entered and read as 16 bi ts, although t he wavelengt h

accuracy of the SOl EX hardware is restricted to 14 , so tha t the t op two bits mus t

remain zeros in the case of the ten wavelengt h reg ister s . Add itional info rmation about

the structure of the CRIS-229 s er ial magnitude commands appears in the next sect ion.

The rast er control c ircuits receive the Offset %iode Stat us , Start of Raster , and

Pattern ( enerato r I)isconne ct signals from the spa cecraft , and act on t hese to develop

an indexing signal to  step the wavelengt h pointer f rom one wavelen gt h to the next . This

serves to cause the SOLI X instrument to take data at a succession of wavelengt ha while

the s pacecraft is in a rester ing mode of operation, with one or more tasters of the sun at

each selected wavelength. The option of how many such taster s per wavelengt h is

formed by predetermining a constant in one o’ the control wor da. This conatant is used

to limit the nianber counted In a register in the raster control circuitry. The raster

control circuit also develops signals for use in other parts of the command box so as to

ccitroi the way in which the instrument is ca ed to reset various regist ers and

~ nstant s when the wavelength sequences are corn peleted, or when the spacecraft mode

changes fro m rastering to point ing.
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The frame sync circuit receives the 31.25 Hz square w ave sync sig nal, and the

Master Fram e sig nal (and the Main Fram e sync signal, although this signal is not used in

the command box), and f rom t hese sig nals develop s the timing waveform s required by the

telemetry system of the command box. These signals are used to load the telemetry

shift registers at the correct times , and to index the counter which drives the 32 point

sub-commutator circuit. This counter is kept in sync with the fram e format of the

s pacecr aft so tha t one com plete cycle t tvough the 32 i tems is done in 1.024 sec (i.e., in

one hal f of a m aster frame). In the event of a start-up from a random condition, or loss

of count state in the counter, th is lost phase is corrected by the arr ival of the next

Master Fram e puLse. Since the command box telemetry includes the actual state of this

sub-corn counter (~1FCT) . the da ta read out is still interpretable. It is som etimes

possib le for the telemetr y s y stem in the command box to clas h with the fetch cycle of

the wavelengt h r,’~~is t e rs  in the memory: in ease this occurs, a priority governs so that

the SOL EX motor reference is loaded firs t , then the telemet ry read-out of tha t memory

word fo ll ows. Thus with a s m afl probability (about 10 ’ )t he rc can be a load of incor rect

wavele ng t h data in the telemetr y frame. This will be correct ly loaded the next time.

Similarly , during the transmission of a serial magnitude command or SMC (9 msec long ),

a clash can occur with the wavelengt h fetch from memory. Again, a priority circui t

gives the t i m e  to the com pletion of the com mand ( i t  cannot wait ) , and t hen allows the

fetch from memory to t a ke place (a 9 msec dela y is less th an the time assig ned to the

motor step t ime) . In this case, there mig h t also be an int erfer’nee with the telem etry

load cycle , wi th the result that the telemetry sub-corn value coul d be zeros from tha t

one frii’~i e. This will be correctly loaded on the following fram e.

t he waveleng t h reference reg ister and assoc iated circuitry receive the wave-

len gth value from memory and compare t his with a counter which indexes from the

motor c a u se train. In this w ay. the mot or pcsitlon counter keeps track of the ctwr ent

4-
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posit(on of the motor, asatm~tog these registers have been reset to zero together. In

spacecraf t rastering modes, when the motor position counter agrees with the wave lengt h

va lue, the motor pulses are stopq’~d until either the wavelength value changes (say by

command to that wavelength register), the called wavelen gt h is changed (say by an

indexiog pulse from the raster control circuit), or the motor position counter is cleared

(say by a change in operating mode). The sam e hardware is used to aceom modete the

spacecraft pointing modes, but in that case, when the motor position counter agrees with

the wavelengt h value, then an output pulse is generated which indexes the wavelengt h

called to the next one so as to develop a continuous scanning (‘rocking’) in wavelength.

This wavelength reference circuitry also drives 60 ~isec pulses at the 31.25 or 62.5 see ’

rate to both SOL EX crystal and detector motors. These pulses are tran..iormer coupled

n the SOLF.X hardware to avoid generating a ground loop problem between the two

instr ument bo x es. Also , motor up/down information is formed and transmitted to the

SOLF.X hardware via a relay, again for the purpose of avoidi ng ground loops. The

mechanical hardware is prote cted from hard runn ing into the mechanical limits by the

use of limit switches: these limit switch signals are also used in the waveleng t h

reference circui ts in the generation of end-to-end rocking of the wavelengt h range, and

in the determination of where the electrical end-point of the waveleng t h range is

located. The motor position counter is zeroed at the Reference Zero endpoint each time

it is reached by the mot or drive system.

The memory address counter circui t is used to keep track of the number of cycles

of ‘rocking’ (TCOUNT), and the manber of the selected waveleng t ha in ‘rasters’ (N) so

that a point er is always available to loc ate the desired wavelen gth register in memory.

Binary com pariso ns are made in this circuit to determine w hen the reference constants

(how many ‘rocks’, how many rasters per wavelength) are equa l to the present con~~tions.

Another feature , the sub-~~vls1on of the ten waveleng th registers into two ty pes, is also
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controlled. In this way, it is possible to vary the assignment of wavelengtha to either

~rocking’ end-points or to raste r ing locations . Thus, from ten assignments t here can be

eight end-points cc 4 sean pairs ( N - I ) , or eight raster points (N~4), with eve n numb ered

cho ices betwe en t hes e l imits.

The control word formats are assigned to the t w o  non-wavelengt h registers in

memory. and r~~~st of two 16 bit referen ce wor ds, used a.s exp lained above as well as in

the next section . to control the various options In the behavior of the irstrta nent.

Control is ava ilable over the detector high voltage values in SOL.F.X and MONEX and

~“l.’ct ion of iri ~ of the Iwo mot or rates i’. ~iiade . In the event of loss of power to the

command box , the fall-hack values of these constants g iven later in this section govern.

loh-~’ “try ~.eetri ultitors k r ”  included, consist ing of (‘1)4040 binary counters and

(‘1)4034 reg’icts’r’.. w i th  tw o  of each for each of the pri ority 13 data inputs (32 in all). A

binary count up t ’  ~~~~ ~~~ is available for each of the 1$ inputs f rom SOLEX/

\ ! ( ) N ! \ .  Fhic action . as explained above, is interleaved with the telemetry read-out of

all 12 ‘r~” r or~ words. The remain ing two assignm ents in the sub-corn total of 32 are two

wor ds containing .I~ di sc rete binar y va lues from various poin t.c within the Command Box.

These wor ds are cal led ~‘FO R~ lI and t )F0 RS12.

The 13 pr iority (I3SUH) c irc uit s u sed to loa d the digital housekeeping sub-corn

data at the correct time in a telemetry fram e, and to steer th e two eight-bi t halves of

t hese da t a int o the correct te lem etr y fr am es (a singl e ei l ‘it-bit assignment in the main

digi tal format i’ used to transmit the 32 sub-corn va lues , each of 16 bi ts , by time-

mult ip lexing t hese halves). Each of these 32 value s is read out once every 1.024 see.

A mem ory read timing cir cui t , based on the internal sub-corn counter, is us ‘d to

steer the sub-commutated data items , and thus to make up the telemetry f ormat. The

motor position read-out (XMOTOR ) is particularly complex, as 14 bIts of motor position
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are interleaved w ith 4 bits of TCO UNT , and two bits fro m the sun sensors. TC OUNT is

the binary value for the current number of spectral scans. This who le sub-group is

transmitted in such a format that time resolution of the LSB of the motor position is

16 msec. A secondary feature of this circuit is the genera tion of a position-dependent

suppre~~ion signa l for the SOLEX detectors (see Section 4.7).

The main telemetry output of (‘RLS-229 is the readout of the SOLEX A (or 3) and

B (or 2) and the MONEX A (or 1) and B (or 2) detectors. These four values are

accumulated in 16 bit counters and seriaU y shifted out once per main frame. This

corresponds to an overflow counting rate of 2.56 x 10~ counts sec ’ i~~ut to any of the

four. They are interleaved by steer ing signals from the frame sync pulse circuits. See

Figure 7.3 for a description of the 29- I telemetry format which includes the four main

payload outputs above as well as ot hers mentioned in this section.

The telemetry clock and strobe signals are received in this system (although the

strobe is unused by the command box) at a burst rate of 125 klIz gated clock pulses. The

output telemetry signal Is di ’iven into the spacecraft harness by an active-low LM139

driver in series with 400 ohms for surge protection. The level is clamped at an upper

limit of 12 volts by a zener diode . Pull- up is provided by the receiver circuit in the

spacecraft. Data is pos itive TRUE as noted above.

The discrete commands “Go to La m bda I On/O ff” and “Go to MAGMAP

Position On/Off” drive latching relays. These relays will store the command state

sent , Independent of the presence of power In the command box. Discrete command “Go

to Reference Zero” causes a momentary switch closure.

The optical boresight axis of the CRL S-229 collimator Is eoallgned with the

optical axis of the collimators. These sensors give rise to one-bit signals in the digital

telemetry. Analog amplifiers, type LM 124 , are used for the purpose. The digits)
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tireshold is set at I arc minute on the sun sensors, and is interpreted by monitoring the

tim e of switching during a spacecraft raster operation. The two tel emetry bi ts (B1,B2)

are both 1 whenever the Spacecraft Point ed lrstr uni ent Assem bly is pointing to within

about I arc mm of the center of the sun (as we ll as at night).

4.3 Com mand Box Power

The pow er supply section of the command box is required to provide operating DC

power for the command box only. The power consutT~ption is 0.9 watt , inde pendent of

mode. The requirem ents of the Interface Control Drawi ng regard ing inp ut-outp ut

isolation are met by making use of a self-exc ited inverte r circui t operating on a 25 kHz

symmetrica l square wave. The second ary of the isolation transform er is operated at

15 volts l)C, bot h pos itive and negative, with act ive series regulators used to provIde +10

volts for the logic system pow er. Current limits on t hese lines are set to allow for up to

a four-fold increas e in the amount of l)(’ pow er demanded by the logic system , as the

inevit able e ffects of radiation dam age to the CMOS slowly raise the requirements. Ibus,

s om e increase in the life ex pect ancy of the circui t is provided. The end-point failure

m ode is expected to be a co llaps e of the power bus with load demand of about 2 watts .

4.4 Control Wor d Opt ion Hits and (‘am mands

W hen standby (or launch ) power is initially t urned on, all memory registers are

reset to the hard -wired pre-programmed values (mentioned later In th is section ), and the

SOLEX cr ystal and detector motors are &iven to Reference Zero. If the spacecraft is

rastering (Offset Mode Status from the spacecraft greater than 2V), the sat isfa ction ot

the Reference Zero con di tion is  followed by motion to the first lw~bda position (A 1
).
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After M raster s are counted while at position A 1, the motors drive to poaltinn X 2. After

M rasters are counted at position A 2, the motors dr ive to position A 3. This cont inues

until position X 2N is completed , at which time another call for Re ference Zero

position occurs. 2N can be any even number from 2 to 8. Values of M and N are stored

in Control Register 1.

If RTE (Raster End, a signal constru cted within the comman d box) occurs during

the above sequence, then the sequence termina t es at that point, and Reference Zero

position is called. The lambda sequence of poattions (LC A LU is reset at this time to the

first posit ion if control bit P is “ 1” , or is left at the current location if P is “0”. This

option bit P is stored in Control Register 1: it can be altered by reloading this register.

If WLC (a signal from the S/C called Pattern Generator Disconnect) Is received during

the above rastering sequence. signifying that a coronagraph exposure request from the

NRL-40 1 experiment is being allowed , then opt ion bit P allows or disallows the lambda

sequence reset as above.

When the s ignal ‘Raster ’ is False (Offset Mode Statu s less than 2V), the above

operation is modified: the moto rs drive to the first stored lambda position beyond the

location defined by value N. This is called a A g~ (“end”) value. These X~’s are stored In

pa irs, and the allowed values of N given above permit stor age for 1. 2, 3, or 4 pa irs of

The sequence of 
~~ 

pairs is then call ed, with the motors dri ving beck and forth

between the two members of a 
~~ 

pair until a total of T passages (“rocks”) has taken

place. I is a number stored as three bits in Control Register 3 , and can require any odd

number of one-slay passages (21-i) from a A e to its mate , from 1 up to a maximum of

13. The end of auch a set of rocks calls for- the motor- to go to the posltion for the next

rock between the next stored pa ir of A e’S• When all stored pairs of have been

scanned, position Reference Zero Is called. The above sequence then restarts as before ,

until the signal ‘Raster ’ is received from the spacecraft. During rocking, the telemetry

4 - 1 1  

-——-—.- -_
~

-- — - 5  —-—-- -5- - - —— - - — — - - - - --, -



-5— ----- — - - -5-.---—----. —-~-- -  — -.— —- - - - 5,

read-out contains the current passage number TCOUNT. Time resolution of this number

is t 4  msec. The passa ge number TCOUNT will be zero while the motors are traversing

the region between rocking regions . An example of SOLEX rocking prog rams is given in

Figure 4 .1 for the case of S~ l.

Option bit R is available to determine if the spacecraft signal, WLC , is to be

allowed to call Reference Zero during rastering sequences. If this bit is “ 0” , then WLC

itself has no eff ec t on the raster sequencing, unless bit P is one , in which case WLC

resets the raster wave lengt h to X i .

Option sits P’ and P” are available to choose the effects of the end of rastering

(not a I~LC interrupt, but a spacecraft change from rastering to a pointing mode). If P’

is “1”, it al lows the \l counter to be resCt h~ the end of rast er ing. If P” is “1” , it allows

the \ counter TCOU NT to be reset by the end o f rastering. As s tated above , if the

option bit P is ~
.l” . it allows the spectrum lin e counter to be reset to Al  by the st art of

rastering. Thus, the three option hits P. P’ , and P’• are available to determine the

condit ion of stor age of the sequence, and the point in the subsequent routine where

interrupted events are to be reeommenced.

-‘ further option bit Q is available to determine if the sequence of I rocks

between each of the stored 
~~ 

pairs is to be followed by a transition to full rocks (scans

from one mic’roswiteh limit to the other) or by a repea t of the previously described

sequence of stored rocks (Q~ O).

Option bit S is assigned to allow or to prevent the continuance of the routines

during the presence of a MA GMAP state. It is possible tha t while the instrument is held

in the MACMAP state , SOR, WLC , and Raster signals are still received and appropriately

counted. It this is wha t Is desired, bit S is set at “1 ” . Other w ise bit S = “0” will prevent
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the system from recognizing any externa l events until the “Go to MACMAP Posit ion Off ”

corn mand is given. In this state , the original configura t ion , interrupted by the “ Go to

MACMAP Position “ command , is retained and resumed.

Opt ion bit (i = 1 calls for rocking mode operation even if the space craft offset

mode status indicates tha t the PR is rastering. This can be used to substitute for an

absent (or ino perative ) pointer rock signa l, or to force crystal rocking behavior when the

PR is rastering. If G = I the command box does not call Reference Zero at the end of a

rocking sequence. For normal operation , bit G “0”.

The numbers M and N are each stored as three bits in the Control Registers . An

modification of the numbers ‘- 1 , N , or 1, or the bits P. P’ . P” , Q, H or S must be done by

entering new command register contents. In the event of power loss , the numbers in the

command eo~t ro I reg ister are gener ated in a pre~~etermined hardw ired set and any

altered contents (if alterations have been made) are lost . These lefault values are:

Register Hex [)ecimal

35DA 13786

X 2 3 181 12686

241 -\ 9450

X4 260 .’~ 9738

29CA 10698

\ f i  2CDA 11482

2t )9.~ 11674

31r A 12746

X 9 34C_ ’ 13 514

A l l ) 3DEA 15850

CONT 1 22C7 8903

(‘ONr 2 282A 10282
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The default values are M=2 , N=1, P=O, P’=l , P”~1, Q=0, R 0 , S=0, T=7 , V 12=0 1 , V34=0 1,

G 0 , V5=0 , V6=0 , and F=0. CONT1 and CO NT2 are described later In this section.

In the event of a WLC interrupt during a non-raster Interval (as, say, when the

spacecraft is offset pointing for spect rometer rocking), no action is taken; the

instrument simply continues its rocking mode sequence. The HAS raster ing and the WLC

(or PGD) signals are included in the telemetry data with time resolution of 1.024 see, so

that confusion as to the actual sequence of the pointer during these signals can be

resolved.

To allow MACMAP observations and cal ibrate SOLEX , the latching command “Go

to MACMAP Position ” is given. This initiates a Go to Reference Zero action , after

which only the crystal motor is driven to the Bragg Zero position, leaving the detector in

the Reference Zero position. This arrangement is held until the “Go to MACMAP

Position orr command is given. Receipt of this command causes the original routines to

apply after the crystal panel is driven to Reference Zero and “picks up” the detectors

The command “ Go to Reference Zero Position”, is a momentary comma nd wh ich

can be used to cause the system to drive into the -60 degree limit position and zero the

motor position counter. This will be sent during orbit nights and if a no isy environm ent

is suspected of causing counter skip so that the SOLEX motor position is properly

indexed at the start of day operation.

The command “Go to A 1 Position” is a latching command which can be used to

interrupt the routine In either rastering or non-rastering operation. The stored value in

the memory location I is used to hold the motor position of both crystal and detector,

while any spacecraft pointer operation takes place. This permits time dependence of a

part icular spectral line to be developed while in a raster or pointing mode. The Xl

position Is held until the command “Go to Position Off” Is given.
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Several nonsense values can conceivably be sent for values of the numbers Al , N,

or T. These three ~~it groups are decoded in such a way that if N~ 000 (signifying that no

values of memory are to ex Lst ) , then a value of N~001 is substituted (four regions of

rocking). This ~s because of hardwa re conflict tha t would arise otherwise. The actual

condition N~ O00 i-~ however a recognized condition , and it is used to do the same as bit

G ~‘l” described above, i.e., it forces rocking, as is implied by no values. Since the

memory is limited to a total o f ten locations , the N group is not allowed to recognize

values in exce ss of the binary number 100. Thus, if the values 101 , 110 , or 111 are sent ,

the hftrdwan substitutes 100 for these: otherwise the memory pointer which marks the

boundary between va lues and A values would go off scale. No action is taken on

receipt of these suppressed codes. Al can be sent as a value 000 , for which the number

001 ~s substituted since zero rasters per X~ is not recogn ized. Likewise , the I group is

prevented from seeing a 000 , and 001 is the substituted value.

Included in the control registers are six IIV hits , which can be used to command

the output value of any of the four SOLEX and ~1ONF.X high voltage power supplies. The

normal On state of these ~
)(
~wer suppl ies is with V1 2 : ”OO” , V 34~ ” 11” , V Sz ”I” and V6~”l”.

4.~ Serial Magnitude Command St ructure

1. \ (lambda or wavelength ) Registers and Control Registers contain 16 bits each:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

The MSB (I) is leftmost. SOLEX operation is determined by these registers.

4- I#
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2. Serial mag nitude coin mands should always be sent to the CRLS-229 experiment in

groups of 3. (The circuitry was originall y designed for a 21 bit SMC.)

3. First SM(’ (9 bits ):

1 0 0 0 0 X X X X The X bits g ive the storage register ad-

dress within (‘RL&-229 as follows:

0 0 0 1  = A 1
0 0 1 0 = A

2

0 0 1 1 - A
3

0 1 0 0

0 1 0 1 A 5

0 1 1 0 A 6

o i i  I A 7

1 0 0 0 = A
8

1 0 0 1 A 9

1 0 1 0 = A
10

1 0 1 1  = Con trol

1 1 0 0  Control 2

“ 1” indic ates an addre~c;

MSR and first bit in leftmost.

4. Second SMC (9 CRLS— 229 bits ):

0 1 2 3 4 5 6 7 8

“0 ” indicates not an addre~~, but data.

MSI3 and first b~t in leftmost.

4- 17
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5. Third SM(’ (9 (‘RLS-229 bits):

O 9 10 11 12 13 14 15 16

6. In each lambda register , bits I and 2 are alwa ys zero , bit 3 corresponds to 8192 ,

~~~t t 4 to 4096 and bit 16 to 1. Therefore, the following sequence of SMCs:

1 0 0 0 0 0 0 1 0

0 0 0 1 1 1 1 1 1

0 1 1  1 1 1 1 1 1

-A l~~i~~t ‘‘r ~
‘ w i t  t ~~~ l ir~~st ;o’~sible wavelengt h value, name l y

i~~; r 
~~ l I I  ( lo ~ro to ’t the S~)I.i\ driv ’, do not command to a

w , i v , ’1 .” ~~ t ’~ v a t - j r  ~r,~ite r than 1~ I)~~~ or 31-:U7 1, I.

( ,~~—~~~~~JO~ - ‘ r ( ‘ntr ~ l ~~ ‘~~:~~t ’ ’ r

,:sl: ~ n-~ 
•
~~;~~~

-‘‘ •~it ~q i.~ft “io’.t

LSR
~~~~~ I .‘ .1 1 7 8 9 10 11 12 13 14 15 16

~~~~~~~~~~ I - ‘.
~~1 ~ ~~~~~ ~ i N ’  \3  P I” P” Q R S TI T2 13

- 

~l \~~ \ 4  ( ;  \~~ ~6 - F - - - - -

— 109 t”S ~‘1 t ~ JUl11 ~
.

~r 
-
~~It~ i- ’o~ numbers in (‘ontrol Register I • the bit call ed ‘1”  is the MSB.

1 - ’r •~vr~~:~~r , Ml the ‘ lS ~~ of \t . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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8. A sianmary of the definitior~ (and allowed values ) of the Control Register

contents pre viously described is given below:

F - It 0, fast motor speed (62.5 liz)

If 1, slow motor speed (31.25 liz )

(0 or I).

- If I, for ces crystal rocking (independent of PIA mode )

(O or l).

M - Niui her of sequent ial raster s at each wavelen gt h

(1 to 7 , inc lusive ).

2S - Nixii her of stored wavelengtt5 (A 1’s) for raster maps ; the number of scan

pairs is therefore 5-N.

(N x 2 2, 4 , 6, or 8).

P - It 1, t here is a reset to the first X position at the start of resteri ng (RAS

goes from 0 to 1); or if RAS is one and PGI) changes from 0 to 1; if P 0,

the po inter pos ition does not change at thi s time.

(O or 1).

4 19
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I” - If  1 , the Al counter is reset by the end of rastering (S/C , not lTh derived ); if

0, this counter is not reset at this time. (The ITS circuit is described in

Stot ion 4.8 . 5 .)

(0 or 1).

I’ — 11 1 . the A ( ~~t i r  i~ r t s ~ t to ~~~~~ A ,
~N., at the end of a raster sequence.

I h. F counter i alwUl v ’. reset at the end of a raster sequence.)

(0 or 11.

Q - V I. -~~ . - t .  full r~~’~ .f t e r  ~tor d rocking sequence, if 0, ca lls Reference

~~~~ - ,n ~ ‘ .-;~e , ts - -~~ - -  - ‘ r~~’.~v :  sequence.

I~ or

H — I~ F’ ! .t t . - rn , . - ‘ l . - — ! t o r  I) i ..oonneot fr ”i I I’S ( 1oo~ not reset counters : if 1 ,

o - i l j .  t o  R.~~’ .-rio. .‘. r n  ~n then (
~~ ‘ i t I ? 1 J J t ’~ ~ her.’ it left off.

or 1) .

S — I f  fl , V \ (  V \P  ~;~er 9 t I on fr , ’ et rs  S ( ) I ! \  \1( IUNT register and S ) R s are

ri ~ ‘uiifl ii A! counter changed by SOR’s.

(f or 1).

2T -1 - Number of rocks between two end wavelengths (1 I through 7)

1I . ~. ‘. 7 . ~. I I  . 1 ~
) .

4 - .~~
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\ I, V 2  - 3 increasing values of SOLEX A (PC) high voltage

(00 , 11, 01).

V3, ~4 - 3 increasing values of SOLEX B (CEMA) high voltage

(00 , 11 , 01).

VS - 2 increasing values of MONEX A (LEM ) high voltage

(1 or 0).

- 2 i ncreasing value s of MONEX H ( h E M )  high voltage

(I or 0).

4.6 ~~aeec rs f t  Signa ls A ffecting SOLEX

There arc 3 s ignals from the spa cecraft to the command box which influence the

S(~)LEX operational sequence s .

I. Offs et M ode Status. This analog signal is used to indi cate the configuration

of the PIA. The amplitude of thi s signal is 5, 3, 1, and 0 V in the large

rast er, small raster, offse t point, and siu centered point modes, rupee’-

tive ly. In DFORMI , RAS equals t in  eit her raster mode.

2. Start-of-Raster (SOR) Pulse. The SOR pulse is generated at the star t of

each large or small raster of the PIA. SOLEX operation Is affected by the

4-f l
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leadi ng edge of this pulse. Receipt of an SOR pulse is reflected in the

housekeeping word DFORMI.

3. Pattern Generator Disconnect (PCD) Status. This signal goes high (to 5 V)

when the ITS (see Section 4.8.5) system releas es the PIA from pattern

generator control and goes to sun center pointing as a result of the WLC

exposure request and rem aii~ high until pattern generator control is

res umed. This stat us is also gi ven in DFORMI.

4.7 SOLEX Angle Higti Voltage (‘ utoff

In order to protect the SOL.EX detectors from d i rectl y viewing the sun (see also

Section 6.3) , the command box automatica lly disconnects the low voltage input to both

SOLEX hl~~PS’rc between \MOTOR step number 5120 and 9216. S,iv , the leas t significant

Nit of I)FORM 2 , equals 0 when this condition occu rs. The SOL EX high vo ltage is also

disabled when the spectrometer ic headi ng for Referen ce Zero position , for the sam e

reason.

4.8 SOL EX Operational Modec

The operational modes of the SOL EX experiment are discussed below for a

situat ion ,ri which the (
~R LS-229 experiment has full control of the P1k (see Section

3.10). When the ITS sy st em is in op~ratio n (described later in thi s section ), SOLEX may

continue i t s  program of otservat ior ~s while NRI, -40I (the other expe riment sharing the

PI.~
) returns the pointing to sun center or it may restart the raster sequence, call

Refer ence Zero , or both. Wh ich alternative is operative depen~~ on the status of certain

hits in the control reg ist ers.
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4.8.1 Spectrometer Spectral Scan Mode

(1) PIA is in the offset point mode (not in raster mode except if control

register allows spectrum mode while rastering ).

(2) 2N \ registers (N set in control register 1) contain A is. There are thus 5-N

pairs of spectral scan end points ( A~ pairs).

(3) Spectrometer per forms 2T - 1 (T = 1 - 7, set in Control Register I) scans

- (or rocks) between the first pair of Ae’S
~

(4) Spectrometer repea ts step 3 w ith each A e pair until all pairs are done.

(5) Spectrometer drives to wavele ngth reference point.

(6) Sequence repeats un less PIA mode or Control Register has changed.

(7) If Q = 1 (bit in control register 1) each complete set of scans between all A c
pairs is followed by full end-to-end spectral scans unt il the PIA mode is

changed or the spe ctrometer is com manded out of the fu ll scan mode.

This mode is illustrated in Figures 3.29 and 4.1 and will be used fr equently.

4.8.2 Raster (Spec-troheliograph) Mode

(I) PIA is in the large or small raster mode.

(2) M (1-7 , set in Control Register 1) raster s are performed with the spectre-

meter parked at wavelength position set in the first A register.

(3) Repea t step two at each position up to the Nth A register.

(4) Spectrometer return s to wavele ngth reference point.

(5) Sequence repeats if the PIA mode and control registers are unchanged.

4 - 2 3
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Raster maps are illustrated in Figures 3.27 and 3.28. This mode of operation wiLl be

frequently implemented.

4.8.3 Time Var iation Mode

( I )  PI.-~ is po inted at a specific location (no raster ).

(2 ) Spectrometer obs erves , wh ile st at ion ary , at a specified wave length position

(A 1
).

This mode wi ll be used infrequently.

4. 4 .4 (‘rvstal Rocking in Raster ~1ode

(1) P78- I PR in the small or large raster mode.

(2 ) SOI.l- \ control hit ~ 1 forces cr ystal rocking.

This mode will be used infr equently.

4.8.5 Instrument Time Share

There ex ists a spacec raft module called the Instrumen t Time Share (ITS) circuit

which is used to sh ift control of the spacecraft PIA between CRLS-229 and NRL-401.

From the flowchar t in F igure 4.2 . it is evident tha t the PR will alternate between of fset

point or raster and sun center operation when it is controlled by the ITS module. This

mode will be used frequently in conjunction with the modes described in Sections 4.8.1

and 4.8.2 . Control bits P and R mentioned in Section 4.4 can affect the raster

observation progra m.
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F I gur e 4 . 2 .  P78- I  instrument Time Share Flow Chart .
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5. MONEX LOW ENERGY MONITOR

5.1 Module Description

The MONEX Low Energy Monitor (LEM) modu le (also called MONEX A) consists

of a small stationary sealed proportional counter and associated electronics, and is

designed to monitor the solar soft X-ray flux in the energy range 1-22 keV during flares.

Its main utility lies in separati ng temporal from spectral and spat ial effects in the

SOLEX and SOLFLEX flare measu rements , in the determinati on of flare line-to-

continuum ratios and in providi ng a quick-look measur e of the daily level of solar

activity. A photograph of the flight LEM Module is presented in Figure 5.1.

A summar y sheet for this experiment is given in Table 5.1. A drawi ng of the

proportional counter is presented in Figure 5.2. Measurements of the LEM detector

effe ctive beryllium window and gas thicknesses were made by comparison with a

calibrated standard counter of known efficiency. The w indow thickness of the LEM

detector was first determined using Al K and Mg K X-rays for which the gas efficiency

of the standard counter was expected to be unity; it was found to be 1.08 * .03 x io .2

gm em -
. The gas press ure was then found to be about 1.0 atmospheres by maki ng

comparisons to the standard counter efficiency with an Fe55 radioactive source (Mn Ka,

5.9 keV ). The counter manufacturer claims that the window thickness is 9 4  * 0.9 x

gm cm 2 and the gas pressure at 24°C is 1.10 atmospheres. The LEM counter

efficiency as a function of energy was determined by assuming a window thickness of

1.00 * 0.06 x 10~~ gm cm ’ 2  and a gas pressure of 1.10 atm and then calculating the

efficiency using the window and gas absorption coefficients, tabulated by Storm and

Israel (1970). The results of this calculation are given in Figure 5.3. Note that the lower

and upper e~ cutoff energies are 1.9 and 8.5 keV , respectively. Six pulse height

channe ls divide the energy range between I and 22 keV as shown In Table 5.2.
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Table 6 . 1. MONEX Lo~~ Energy Monitor

Proportiona l Count er Size: 1 .00  in x 1 .00  in x 3 .00 in

Counter Window Area : w ( 0 . 0 Z O ) ~ 0 . 0 0 1 2 6  in 2 0 .0081 1  cm 2
(coil  i mated)

Collimat ion; Two circular holes of diameter 0. 250 in
and 0. 040 in separated b y 9. 0 in
100% transmiss ion for offset ang le ~ 0. 668°
0~ t ransmission for offset angle 0. 9230

Counter Window T h i c k n e s s :  0. 0O~~1 in 0 . 0 3 0 gm cm 2 ber y llium (+ 10%)

Counter Fi l l  Gas; so. o~. Argon . 10.0 % Xenon . 10.0% Carbon Dioxide

Counter Gas Thick ness ;  0 . 750 in 0. 0042Q gm cm~~

Counter Gas P ressure :  1. 10 atm 836 Torr

I N D  Co unter Mod el Numb er ;  42 4 ( S / N  60840)

T ime Resolut ion;  I n tegra ted  count rate data 32 . 0 msec
Pulse Heig ht Data : 1 . 0 2 4  sec

Eff ic iency  Calculation: Same cross  section as used in HEM

Direct calculat ion

Computer program LAND

Back ground Count ing Rate: 0 .4  sec 1
(at sea level)

5.3
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F I gure 5. 2 . MONEX Low Energy Monitor Detector.
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The requirement that the MON LX co unters be s imple precluded the use of an

aperture wheel to broad en the 1• EM dynamic range. Tht~ a si ngle aperture size had to be

chosen. Since it was li kely tha t the SOLFLF.X experiment wou ld observe many more

flares than SOLL\ . the l E M  was designed to have a sensitivity similar to that of

SUl.Fl.F\ his required a window diameter of about one millimeter. As a check on the

reasonableness o f window this siZe , U-M counting rates were computed for four of the

larger flares observed hv t 1 )( - 5 proportional counte rs included in the S-056 exp eriment on

Skylab . ( ‘ak’ulated counting rates for fl ares of X-ra y classes Mi to X l ranged between

~~ 11 and S000 see 1 (S~~ f R  \ l ) X-ra y flux F of 1.0 - 1.1 x io 2 and 1.0 - 1. 1  x 10

_ i 
erg

- respect i v i - k  I f l  -
~ I - ~ \ band). Thus the 1.EM should be able to detect flares

near the SOI .Fl.I \ (k-tectnbil itv threshold but should not saturate for any but the larges t

fl a res . Fhe on—orbit s i~n,tl will he dominated by X-ravs from the non—flaring sun.

~.? u~’i Ucet r icat esig~

The signals fro m the 1.EM proportional counter are processed in the same manner

as described in Section 3.7 and illustrated in Figure 3.18. The basic signal detection

criterion is the est abli shm e nt of lower and upper amplitude thre sholds . SignaLs within

thi~-.e limit s w ere further anal yzed in pulse ri setime (see Section 3 .7.3) .

The output V of the charge amplifier at the lower high vo lt age setting is

V (volts ) l.~ x io 2 E~ (keV).

The lower level discriminator (Lid)) threshold is set at 15 mV and the t~ per level

discriminator (ULD) thre shold is set at 334 mV as is shown in Table 5.2.

Nine different accumu lator outpu ts are available in the telemetry stream (see

Figure 7.3).
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1. MONEX A , the ntxnber of events between LLD and ULD w ith acceptable

risetime per 32 msec.

2. MAULD , the nts nber of events with an am plitude greater than the ULI)
threshold per 1.024 see.

3. MAR11) , the ntxn ber of events between LIE) and ULI) with excessive

risetime per 1.02 4 sec.

4. P 1 I A I A - P I I A 6 A , t he nian ber of events with acceptable risetime in each of

6 pulse height channels listed in Table 5.2. The pulse height analyzer is of

the differential type and is shown in l) r awing L-5769 (not include d in this

report).

The low voltage and high voltag e power supply outputs are monitored as analog

sig nals in the telemetry stream (see Table 7.3) . The LVPS and IIVPS outputs are first

attenua t ed by ~ factor of 2 and 1050 , resp ective ly . Telem etry buffer s identi cal to t hose

uce(1 in S4)LE \ are employed.

There are 4 discrete coniman~~ which affect the op eration of the LEM as fol lows.

( csn m and Low Volta ge Circuit Active Detector Active

(1) M ( ) NLX 2$ \  1 On Yes No (unless (2) also on)

(
~~ MUNF\ 1~VPS I On Y es (only if ( I) also on) Yes (only ii (1) also on)

( 3 )  SOLLX W )N L X  28 V Off No No

(4 ) SOLF. X/MON FX }IVPS Off Yes (only if (1) also on) No

The seventh most significan t bit in Control Register 2 affects the value of the

LEM high voltag e . The lower (and normal) high voltage value occurs when thi s bit is

equa l to I.
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The LEM module requires 25 mA at 28V to operate, corresponding to a power

level of 0.7 W .

5.3 LEM Efficiency Calculation

Details of the system efficiency calculation are given in Table 5.3. A computer

program C AL 229 was used in this calculation. The conversion from counts sec ’ to

photons em 2sec~ can be made by dividing the number of counts sec~ by C T S/FL UX

given in Figure 5.4.
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Table 5 . 3. Calcu lat Ion of MONEX System Efficiency

N ( E )  C F ( E )

where N ( E )  Counts sec~~ at energy F;

F(E Incident f lux (p hotons cm 2 
sec

1 )

l )etector quantum ef f i c iency

and C ~~~A e I
0 rt  d

where A - N ominal  d et c c t r - i rea (cm 2 )

e = Ef f ic ie nt  V of r i s et i m e  c i r c u i t
rt-

F r .~ t ) - ) R  ‘1 de tec t r a p e rt u r e  that is  open.

F or es .~nip Ie . ~~r \t Y--.F:x A at  .~ l~ c V 1

0. 0 1 ) 4 1 1

) . ~‘lrt

I. 0(0

—~~~
( ~~~~ x 10 ,rn

F: , 
i F )  0 .4 7 . ’ .

and

N )• . — I (O i f l t  q ~~ , ,  — I
~ ~~. ~~~) x 10

photons . rn

F- ” r  t h e  ~ sr -~~~ MON) X 1% ,

2
.~~‘ . 44 cm

To co n v er t  f r e ~~~ o i i i i t ~~ p e r  ma in  f r a m e  to flux in photon s cm
2 

aec~~,
d ivide the rr o rded numbe r of coun t s ;w r MF LV “ C T S / M F / F L I ~X ’  listed

in F I gu r e  5. 4.
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• 6. MONEX HIGH ENERGY MONITO R

6.1 Module Description

The MONEX High Energy Monitor (HEM) module (also called MONEX H) consists

of a stationary sealed proportional counter and associated electronics , and monitors the

occurrence of hard X-ray burs t-s in the energy range 11-140 keV. It will aid in the

analysis of SOLEX and SOLFLEX data as well as be used in the study of solar X-ray

bursts with excellent time resolution (32 msec). The HEM also has the capability to shut

of f the SOLEX detectors automatically in the presence of large charged particle fluxes.

Cons iderations of space, we ight , and especially time dictated tha t the HEM be simple.

Hence the use of an actively shielded scintil lation counter , which has superior back-

ground suppression, was precluded, and a large area proportional counter was chosen. A

photograph of the fhght HEM module is given in Figure 6.].

A summary sheet for this experiment is given in Table 6.1. The window was

chosen to provide a low-energy e 1 cut-off at 20 keV so tha t the counter would have

negligible response to X-rays at energies below about 10 keV. The gas fill was chosen to

obtain the highest practical efficiency for hard X-rays.

6.2 Shielding Considerations

Since active shieldi ng was precluded for the HEM, passive absorbers had to be

used to limit the background. The cr iter ion was to shield so that at 34.6 keV , Just above

the xenon K absorption e~~e, the background due to diffuse cosmic X-rays was small

• compared to the una v oidable (with passive shielding only) background due to cosmic rays.

At the time of th is analysis It was tho*~ ht tha t the counter X-ray efficiency would have
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a substantial local maximum at 34.6 keV , but whe n a proper Monte Carlo analysis was

made it was found that K photon escape very substantially lowers the efficiency above

the K edge and that the efficiency just below the edge is only negligibly smaller than

that above the edge (see Section 6.4). In determini ng the amount of absorber needed by

the criterion above we assumed the HEM would have no rise time discrimination circu it

to rejec t cosmic rays ; such a circuit was later added and it provides about 50 percent

rejection.

The h E M  aperture and shieldi ng are shown in Figure 6.2. The box and collimator

are made of brass of thicirness ~~ gm cm 2 . The co ll imator hmits the f ield of view to

17 x 17 degrees FWIIM and there is , of course , no brass over the windo w behind the

co ll imator. The calcu lated in-orbit background rates at 35 keV with the shieldi ng used

are 0.4 keV ~ sec~’ f rom the diffuse X-ray s and I keV~~sec from cosmic rays. In fact ,

we expect the instrument components around the HEM to provide addit ional X-ray

sh ielding and the r isetime discrimination circuitry to cut the cosmic ray background in

half. Thus, outs ide regions of energetic t rapped charged particles the HEM backg round

should he muc h less tha n I keV ’sec 1. The HEM makes use of only the central part of

the counte r anode because reso lut ion degradation is expect ed near the ends of the w ire.

The total windo w area for solar X —rays is 29 cm 2. The tin sheets shown in Figure 6.2 are

provided to prevent energetic so lar X-rays from enter ing the counter outside the nominal

window. The 0.7t gm cm 2 of tin provides 90 percent absorption at 80 keV. The brass

in ide the tin w ill absorb all t in character ist ic X-t ays produced, and the aluminum

counter body will absor b any copr~er or zinc X-rays escapi ng the brass box. Thus most 80

key X -rays not passing through the detector window are degraded to 1.5 keV , far below the
I

HEM threshold energy.

6-4
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6.3 SOLEX HV Shutoff

The HEM charged particle shut -off , which turns off the SOLEX high voltage when

the HEM counting rate exceeds corn mandable levels , was Introduced because of concern

regarding degradation of the SOLEX det ectors , espec iall y the CEMA , in the “horns” of

the Earth’s outer radiation belt and in the South At lantic Anomaly. The absorption

around the CEMA is expected to limit the Incident electrons to energ ies above 1.5 MeV ,

while the HEM is shielded to about 3 MeV . In the H E M , 3 MeV electrons will deposit ,

typically, abou t 70 keV. It was thus decided to set the MONEX 13 HEM upper level

discriminator (UUI)) near 70 keV and use the upper level rate to provide the shut -off.

The ULD is at present set at 86 keV for one gain setting and 140 keV for the other. The

86 keV threshold should perfor m nearly as well as the 70 keV neminal level that was used

in making the following cons iderations. At latitudes above abou t 65° the HEM U LD

background due to cosmic rays is exp ected to be about 300 sec~~, so the threshold

counting rate for the SOLEX liv sh ut -off mus t be set higher than this . For a threshold

of 500 sec~~, we exp ect each CE~~A microch annel to record abou t one count per orbit in

pass ing throug h the horns befor e shut -off is effected. This means that the (‘EM A can be

active for at least an estimated 1000 orbits before su bstantial degradat ion occurs due to

trapped charged part icles . In a lifetime test , 100 channels of the flight spare CEMA

were irradiated with a total of IO~ X-rays ; no significant degradation was observed.

Since the nomina l experiment life is six months and only a few orbits per day will involve

passage throug h the horns or anomaly with high voltage on SOLEX , this shut -off scheme

should be adequ ate. The calculated results given above are quite uncerta in because of

the complexity of the shielding around the SO1.EX and MONEX detectors. Therefore the

h E M  SOLEX shu t -off threshold is selectable by ground command among values of 250,

500, and 4000 HEM L’LD (or SIBULI)) events see 1; also the shut-o ff circuitry can be

totally disabled by command. Additiona l information about the HEM control capability

is given in the table below.

6-6

- -  —  —.-——~ -_~~~ -~~ —-‘ --•--—-- - ~~~ ——-.---— - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-5 —-5— - — ----5— —



- -5--

Table 6.2. Commands Affecting the SOLEX High Voltage Shutoff

MF 112 , SF 50 M OULD Ratf
Commands Sent h EM Rate In Threshold (sec )

Cmd S393l 1V 250

+Cmd S3934 Only 2V 500

‘Cmd S3935 Only 3V 4000

+Cmd S3934 and S3935 4V Infin ite

A ratemeter with a 1 sec Integ ration time is used to comp are the MONEX B ULD

(MBULD) rate to the selected threshold. This HEM Rate Out ratemeter outpu t

measurement (MF or mainframe word 112 , SF or subcom frame 51) equals about 1V when

each selected threshold is attained and about 0 V when the MOULD rate is close to zero .

When the MBULD threshold counting rate is exceeded , i.e. when HEM Rate Out exceeds

I V , input power to both SOLEX HVPS’s is automatically disc onnected and they remain

off until the MOULD counti ng rate decrease s below the chosen threshold. The fourth

thresho ld effective ly disab les this circuit (HEM Rate Out is forced to 0 V) and the

SOLEX h igh voltage power supplies remain on. When the MOULD threshold rate is

exceeded, the HEM control changes to 0 V . and the SOLEX high voltage is turned off.

However , when the MBULI) threshold rate has not been exceeded, the HEM Control (MF

112, SF 52) is $ V , and the SOLEX high voltage will not be turned off by th is circuit. The

HEM Rate In, the HEM Rate Out and the HEM Control are analog teleme t ry values

included in Table 7.3.

The MOULD threshold can be reset to 250 sec~ by turning the HEM low voltage

of f and then on. When the HEM low voltag e is off , SOLEX will operate normally. The

additional control of the SOLEX h igh voltage power supplies will occur only when the

MONEX hEM low voltage is on.
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6.4 HEM Detector Efficie ~~y

The efficiency of the HEM was determined by measuring the effective windo w

thickness in gm cm 2 of aluminum and the effective gas thickness in gin cm~
2 of xenon

and t hen using the absorption eoefftcients tabulated by Stor m and Israel (1970). The

w indow thickness was determined by irrad iating the counter with collimated X-ray

bea ms at normal and 45 deg ree incidence. The ratio of counting rates obtained in the

two configurations should be

R 90 
- 

+(0 .4 I4 Ppx ) WindOW i_
~~~~~~~~

et
~
on

- C 
j~~(P P

~~ xenon1-c

where p is the mass absorption coefficient for the X-rays used, p the density and x the

path lengt h throug h the material. Note that some knowledge of the xenon path is needed

to comp lete th is calculation . The X- rays chosen , Ag Kct and Mo Ka have high

absorption coefficients in xenon so tha t with the nominal three atmosphere fill the

bracketed term in the equation is 0.86 and 0.94 , respectively. Using this techn ique we

mea sured the entrance w ii~dow and the side opposite it obtaining 0.28 gm cm 2 for the

window and 0.68 gm cm 2 for the back side. The window result shows reasonable

ag reement with the nomin al value of 0.30 gm c~n~
2. The gas density was then

determined by measuring the normal incidenc e X-ray counting rate for a detector then

interposing the HEM in the beam and repeating the measurement. The counting rate

ratio is then

r = ~~~~~~~~~~~ 
_(

~
Lpx)bsck e~~~

”
~~

)UYT
~
0hi .

Since the window and back aluminum thicknesses are known , x for xenon may be derived

from the above formula. It is then necessary to put the derived xenon density beck Into
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the previous equation and to continue iterating until a consistent set of aluminum and

xenon thicknesses i3 obtained. Using characteristic X-rays of barium , we found a xenon

pressure of 3.5 atmospheres as compared to a nominal value of 2.9. In view of the

uncertainties of this technique we regarded these two values cons istent and used 2.9

atmospheres in computi ng the counter efficiency.

In the determination of the MONEX HEM efficiency, cross sections by Storm and

israel (1970) were used. Below the xenon K-absorption edge at 34.58 keV , efficiencies

were calculated directly. Above the edge, a Monte Carlo Program HEMEF F was

utilized. A random number generator was used in conj unction wi th the relevant cross

sections to determine the seq uence of scattering and absorption events for each photon.

The pulse height of K-escape events will be distributed about the incident photo n energy

less 29.8 keV. When the co unter resolution of 0.334 E1” 2 (E in keV) was assumed based

on laboratory measurements , the dist r ibutio n in recorded energy was calculate d for

incident photon energies from 10 to 150 key . It was thus possible to determ ine the K-

escape and photo peak efficiencies as well as the exp ected pulse height dis tributions as a

function of incident photon energy . Results of this calculation are listed in Table 6.3 and

drawn in Figure 6.3.

Six pulse height channeL s divide the energy range between 11 and 140 keV as

shown in Table 6.4.

6.5 HEM Electrical l)e~g~

The signals from the HEM proportional counter are processed in a manner simili ar

to that described in Sections 3.7 and 5.2 and illustrated in Figure 3.18. The main data

out , MONEX 13, gives the number of events between the lower and ~~per level

discriminators with fas t risetime in 32 msee. In addition , the number of risetim e reject
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l abic ti . L MONEX High Energy Monitor ~:1Iicienc~• Resul t s .

Photon Energy G~ s Detecti on Etttc iency Ah~intnum Totst E f t a c i en cy
( keV i  Phot opsa3~ 1<.csca p . Window Photop esk K-escape

T r a nsm * a a a on

I 0 . 0 I. 000 0. 000 0. 0004 0. 0004 0. 000

0. 000 0 .109  0 .107 0. 000
20 .0  0. 8 2 ’  0. 000 0. 3~~7 0. 3 27 0. 000

2” . 0 0. -0 ’  0. 000 o. t~~~~ 0. ~8 ’  0. 000
10. 0 o. .e2~ 0 .000  0 . 77 1 0 . 3 2 9  0. 000
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8” . 0 0. 0~- ’ . . 003 0~ $ I ’ - . ~ 00~ 0 . ‘~~$“ 0 . 0 6” . . 003 0. I $ 4 . . 003

~~~~ 1 0 .0 5 7 ’ . ) 12 0. 10 !. . 003 0. 987 0. 0 ” *~. . 002 0. $00 . . 003
1 -  - 0 0 . 41 . ~~ 0. ) 7Z .~. 002 0 . -

~KQ 0 . 04 L~. 001 0 . 07L~. . 002

i~~’ . 0 0~ 11~ . C-~~ 0 • °2~~~. 00 1 0 . ~~ 2 0 . 01~~~. 00 1 0 . 020~~. 001
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events (MBRTD), upper level discriminator events (MUUL D) and events in each of 6 pulse

height chann els (with accept able risetime ) are teleme ter ed every 1.024 see. The

tele m etry f or mat is g iven in Section 7.2.

The h E M  rise t ime discrimina t or circuit is si gnificantly different f rom tha t of the

LEM and SOLEX PC due to the slower HEM gas mix hre. HEM pulse risetimes from

X-ray events are mos tly less than 700 nsee vs 100 nsec for the other two detectors. The

HEM risetime circuit ry stores the peak am plitude va lue of a pulse and determines the

10% and 70% pulse height values of this peak. The pulse meanwhile has been delayed 1.5

p 5cc while these 10% and 70% threshold levels stab ilize . The delayed pulse is then

processed by the l0%P70% threshold circuit which y-iel~~ a pulse w hose widt h is equal to

the tim e for the delayed pulse to go from 10% to 70% of its peak value, i.e. its risetim e.

Since mos t X- ray events have riset imes less than 700 nsec, events which exceed this

riset ime are reje cted.

As disctLssed an SectiorLs 3.7 and 5.2, the amplitude of the detector’s charge

amplifier output at the lower operating va lue of high voltage is

V (v olts ) 3 x 10~~ E
~

(keV).

The lower , differ ential PHA and upper level thresholc~ are given in Table 6.4.

Discrete coniman~~ affecting the HEM are given In Table 7.1 as well as In Table

6.5 below.
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Table 6.5. HEM Discrete Commands

Command No. Command Title

S3916 SOLEX/MON EX ~-28V Off

S3917 SOLEX/MONEX HVPS Off

53931 MONEX .28 2 On

S3933 MO NEX HVPS 2 On

S3934 MONEX H E M  Rate 1

S3935 MONEX HEM Rate 2

The HEM has 5 analog outputs; these are included in F~ ’ 7.3 *~~
- 

~ 
1escribed in

part in Section 6.3. The low and high voltage monitors are i lel ‘ aa l to t hose used in

SOLEX (Section 3.7.6) and the MOM I X  LEM (Section 5.2).

The power required to operate the HEM is 1.4 watts.

6.6 HEM Eff ic ienc y Calculation

1)etniLs of the s s-c t er n  efficie ncy calcul ation arc given in Table 5.3. A computer

program C~~l. 229 was used in th is calculation. The conversion from counts sec~ to

photons cm ~ ec’ can be performed by dividing the recorded number of counts see by

(‘IS F I . U X  given in Figure 6.4.
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7 . ( ‘O M M A N !)  A N I )  TEI.E\I E- rRY

7.1 Command List

The (‘RL.S-229 experiment uses two types of commands: 1 serial magnitude

F 

command and 29 discrete commands . The serial magnitude command is almost always

used in real time , whi le the discrete commands are frequently used as commands stored

in the spacecraft’ s command storage memory. In addition , both stored and real time

discrete commands are required to be sent to control the PtA operation .

A list of CRIS-229 (‘ommands and their corresponding USAF Sate ll ite Control

Facility (S(’F) command number is given in Table 7.1. Launch power is used in the

command box and day pov er is used in other modules of (‘RL.S-229. Descriptions of the

etfect,s of the various SOLEX and MONEX discrete commands are given in the

corresponding electronics sections earlier in this report. A discussion of the stru cture of

the serial magnitude commands is given in Section 4.5. A block diagram showing the

modules a ffected by the various discrete commands is shown in Drawing L-5972 (not

included in this report ) and Figure 7.1.

The SOLEX part of the (‘RLS-229 experiment require s most of the commands. Its

operation is controlled by twelve 16-bit lambda and control reg isters and by the mode

information from the PIA. The A (lambda ) registers allow the exp eriment to select

wave lengt tts for ras ter s or for sp ectral scan limits. Tbe control registers allow the

experimenter to exercise options in the SOLEX operations. The 9-bit command format

makes it necessary to uplink 3 serial magnitude commands to fill a single register. Since

the use of stored commands would then require 9 serial magnitude commands per

register , realtime serial magnitude comman ds are used, except under unusual circum-

stances.

7-1
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Tabl e 7. 1. CRLS -  229 Command s and P 7 8 - I  Command Number.

D iscr ete Command s Serial Magnitude Command s
Cmd

f 
Cmd

Num Cmd Tit le Num 
— 

Cmd TItle Rernartt

390Z CRI.S-229 Leh Pwr On 3171 ~ Register 1 10000000 1
R39051 CRLS- 229 Leh Pwr Off 3972 ~ Register 2 100000010

39OC CRLS-221 D.y Pwr On 3973 ~ Register 3 100000011
3,01! CKL.S-229 Day Pwr Off 3174 ). Register 4 100000100
3910 SOLEX •21V On 397S ). Reg ister S 100000101
3911~SOLEX HVPS 1 On 3976 ). Reglstei 6 100000110
39L 2 SOL EX H VP S 2 On 3977 ). R,glste r 7 100000111

:913 Go to Ref Zero Position 397$ ). Register 8 100001000
3914 Go to ). I Position 3979 1 RegIste r 9 10000100 1

3913 Go to ). I PosIt ion Off 3980 1 Register % l  100001010

3916
1 SOLF.X/MONEX .2$V Off 3181 Control Regi ter 1 100001011

3117 SOLEXIMON~.X HYPS Off 3982 Con t rol RegIster 2 100001100

31301 MONEX •3$V I On 4000 Command 0 000000000

39 t l~ MONEX .76V IOn 400l ICom msnd % 000000001

3932 MONEX HVPS On 4002 ; Command 2 000000010
3933~ MONEX HVPS 2 On 4003 Command 3 0000000li

3934 , MONEX HEM Rate I
393S MONEX ItEM Rate 2 4335 Command 235 .11111111

SOLFLEX •12 On
395% SOI.FLEX HYPS 1 On
3952 SOLPLEX HVPS 2 On

3153 SOLPLEX Motor Direction
3954 SOL.PLEX Motor Dr On
385$.SOLFLEX Motor Dr Rate I

3936 SOL.PLEX Motor Dr Rate I
3957 SOLPL EX Motor Dr Rat. 3
315$

J
SOLEL.EX Motor Dr Rats 4

3959 SOLP(IEX/SIAGMAP .2$V
Of f

3000 SOI.PLEX MACMAP HYPS
off

3961! MACMAP .ISV On
3112 MAO MA P HVPS On
3943 Oo t oMAO MAP PosltIon Qr
3964 0. to MACMAP Position

off

liz

-
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The SOLEX experiment requires an offset pointing capability for its optlmtsn

operation. To follow an act ive region as it rotates acro~ the solar ask, an updating of

the spacecraft PIA azimuth and elevation offset and vernier bits is required about once

per orbit when CRLS-229 is active. To do th is, the discrete command, Offset Generator

Reset (52440), may f irs t l~ ve to be sent. Then turn-on of the desired bits, one by one,

with discrete commands can occur. An average of seven commands Is required for each

update.

The loas of day power at night will end data acquisition by SOLEX and MONEX;

w hen day power is restored at dawn, operation will again commence. Switching off day

power turns off the HV witbout erasing the lambda and control registers (which use

launch power).

The power requirement of each module is given in Table 7.2.

7.2 Digital Telemetry Format

The CRLS-229 telen-~etry allotment is divided into two parts, denoted as 29-1 (for

Aerospace) and 29-2 (for NRL) in the P78-i spacecraft mainfram e format. A mai n

frame (MF) has 128 8-bIt words and is 32 msec long. There are 64 MF in a 2.048 sec

telemetry master frame. This section concerns itself with the 29-1 telemetry format

which includes mainfram e words 3, 4, 35, 36, 51, 52, 67 , 68, 83, 84, 99, and 100 (see

Figure 7.2). These words contain all of the SOLEX and MONEX digits! data.

The twelve 29-1 mainfram e words are divided into two groups, one in the first

half of the frame and the other in the second half. Those 48-bit groups are the

fundamental 29-1 telemetr y units. Figure 7.3 displays the division of each 48-bit unit.

The first 13 bIts read out alternate ly the SOLEX B and SOLEX A detector counts as

7-4
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Table 7. Z . CRLS-229 Power Bud get .

NUMBER OF WAiTS AT 28 VOLTS
DAY POWER NIGHT POWER

AVERAGE 0.9 0.9CMD BOX MAX 0.9 0.9
AVERAGE 5. 7 0.0SOLEX MAX 5. 7 0.0
AVERAGE 1.0 0.0MONEX HEM MAX 1.0 0.0
AVERAGE 0.7 0,0MONEX LEM MAX 0.7 0.0
AV ERAG E 4 .8 0.0SOLF L.E X MAX 5.5 0.0

MAGMA P AV ERAGE 0.2 0.0
MAX 12 0.0

T~’ A AVERAGE 13.3 0.9
~T L  MAX 16.0 0.9

From “Launch” Power Bus
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binary numbers , with MSB first. Thus each SOLEX detector rate is read out once per

mainframe , with SOLEX B in the firs t half frame and SOLEX A in the second half frame.

Bits 14-26 read out the MONEX counter integral counts in the same way as bits 1-13

read out the SOLEX counters. All four counters are rese t to I, not 0. Bits 27-34 read

out the SOLEX motor position (mnemonic XMOTOR ) which indicates the X-ray wave-

length under observation. The four LSBs are read out twice per mainframe while the

remaining bits are read out as displayed in the figure. The “1 co unt ” referred to gives

the numbe r of times the crystal has been scanned between a spec ified pair of

wave lengths . This numbe r is internall y compared with a preset value in Control

Register 1. When the two numbers are equal, a new set of wavelengths is scanned or the

entire sequence is started again. Bits 35 -40 give the minor frame count and serve to

identify the measurements in bits 4 1-48 which are subeommutated. The subeom consists

of 32 16-bi t words and is consequently cycled twi ce per master frame.

The subcom in the last eight bits of each 48-bit unit requires further explanation.

The functions being subcom mutated are shown in Figure 7.3. Each function requires 16

bits, hence an entire mainframe (with two 48-bit un i ts ), to read out. The first six

functions are event counts above the upper level dis criminators or longer than the rise

time discriminations of the SOLEX and MONEX detectors . These are followed by pulse

height anal ys is counting rate sp ectra for the two MONEX proportional counters. The

following two words are called “Discrete Format 1” and Discrete Format 2” (DFORM I

and DFORM 2). These formats are also disp layed in Figur e 7.3. The four IJCALL bits

designate the “target” spectrometer motor step number . The next four command bits

give the address in the 12-location memory that was last addressed by a seri al magnitude

command. The next four bits give NA mode information as indicated , and the last four

7-8
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bit~. give information on the SOLEX motor status. As indicated in the figure, the bits of

l)F() RM 2 are assigned to the motor direction, the microswitch status, the discrete

command status , the SOL EX IIV control status , and the raster counter.

The contents o f the SOLEX lambda and the control registers are also subcom-

mutated in the final eight hits of the 48-hit unit. There are 12 registers: 10 lambda

ro ’~~ist~~rs and 2 control reg isters. These are given the mnemonics LAM I through LA M 10

~trid i’ON1 I and ~ ON F 2. The total number of measurements in each subcom is 32; the

entire list is rO ’ out t w i c v  per telemetry master frame.

Additional discussion about items in the 78—I telemetry format  is given in Section

4 and elsewhere in this report.

7 .3 Ana log ~Ionitors

There are 16 analog housekeeping values assigned to the Aerospace part of

(‘R1.S-22 9. These arc giv - ~a in Table 7.3. Nominal operating and redline values are also

given in this F gure. The P78 -I Spacecraft digitizes t hese values using the conversion

20 m~ per count.

It is possible to determine uniqtwlv the angular position of the SOLEX crystal

shaft using the S O I E X  Pot I output: this is shown in Figure 7.4. An electrical

potentiometer is mechanically att aehe d to the shaft and the voltage across the pot

changes as the shaft rotates . Figure 7.4 also gives the non-unique angular position of the

‘~i l  L \  detector shaft as a function of the voltage outpu t from SOLEX Pot 2. At the

‘~‘ ~ ‘ MAP position, SPOTI 2.2 V and SPOT 2 4.5 V .

1’ . %U ) NEX analog outputs are discussed in the MONEX section of this report.
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Table 7 . 3. (~1(I .S~ 22~1 A ero .pace Ana log Monitor .. All are in P78- I
telemetry main frame No. 1 1 2 .

NAME Sub Frame No. Nomina l Value (Volt.) Re d lt n e (Volts )
( Problem if out s ide

SOL EX LV PS I 4 2. 1 lImit s be low )

SOLEX LVPS Z 49 2~ S
SSOLEX IiVPS 1 12 00 ’  1. 9~~ 0 - 2 . 3

SOLEX HVPS 2 1’  ‘~ l l ’  2 . 7 0  0 -  3 . 0

SOLEX Pot I 20 O. -~ -

SOLEX Pot 2 2 1  0. 0 - 4. ~

M ( . .-~ LX L EM LV PS ~ “ 2. 5

M ON E X  LEM IIVI’S t f 1 ’  1 . 7 1. 5 - 2 . 0

M ON E X  H E M  LVP S 2 .  ~

MONEX H E M  HVPS 14 ~ 2 . 8  2 . 6  3 . 1
MONEX H E M  Rate  In so I, 2. ~, or 4

MON E X HEM Rate ~~t S I  0 - S

MON E X HEM Control 52 0 w S

C R L S - Z 2 ’ ~ Face Temp 2 . 0  - ~~. 7

CRLS -229 Middle Temp 2.0  - 3 . 7 1. 8 - 5 . 5

CRL.S-2Z9 Rear Temp 60 2. 0 - 3. 7

S
power source Is SOLE X LV P~ I

power source Is comma nd boz power sup ply (launch pow er)
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The outputs from the 3 tern peratwe sensors ~~n be converted to degr ees

Cen~ig~ade by means of the conversion curve given in Figure 7.5. The tem perature

sensors are powered b~ the stan~~y (or launch) power and so temperature measurements

are normally available even during spacecraft night w hen the ~~y power Is off.
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8. CRLS-229 MILESTONES

6/12/75 BegInning of Program - design started .

7/28 /75 t)eclsion that NRL build and test MAGMAP
and SOLFLEX. Aerospace to build the
MACMAP col limator.

8/ 1/75 RF Q for Spacec raft released.

9/9/75 Aerospace to build NRL HVPS and propo ses
design fea tures of SOLFLEX experiment.

9/23/75 Comp letion of review of spacecraft proposals.

1:20 :76 DecisIon tha t SOLEX will contaIn 2 (and not 3)

pairs of crystals.

2 / 15 - 76  Payload Requirements Questionnaire com-
pleted.

2 - 2 - 7 6  P78 - I  spacecraft contract awarded to Ball.

2 ’ 24  — 7 6 Aerospace and NRL telemetr y format det er-

mined.

3/ 15/76 Drop polarimeter from CRLS-229 complement

of instruments.

4/6 ‘76 Command structur e def ined In term s of 21-bit aerial
magnitude com mands.

5/13/76 Interface Control Document agreement be-
tween Ball and Aerospace.

8-1
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6/4/76 Completion of Definition Phase Design Revi ew
at Ball.

9/15/76 Command structure altered by direct ion of the
SPO to be 9-bit serial magnitude
commands.

10/8/76 Preliminary Design Review of P78-i at Ball

completed.

12/13/76 CRLS-229 Prel iminary Design Review at
Aerospa ce completed (see Landecker et

.1., 1976).

1/22/77 P78-I Critical Design Review completed at
Ball.

3 !99 ’77  SCF d~splav-s determined.

4 - 1 5 - 7 7  Mec hanical ‘imu lator delivered to Ball and
electric al simulator completed.

5!5’77 Quick-look data requirementzi at SCF
negotiated.

9 - ’ l5. ’77 Initial mechani cal ai~emb ly of CRLS-229 at
Aerospace.

9/27/77 Delivery of CRLS-229 electrical simulator to

Ball.

10/15/77 Delivery of NRL hardware to Aerospace for
fit check.

11/13/77 Vibration testing of CRLS-229 at AETL.
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11/15/7 7 Start of CRLS-229 t herm al vacuum tes t at

Aerospace.

12/10/77 Completion of EMI/EMC tests at Genisco.

12/18/7 7 Completion of thermal-vacuum testing and
calibration at Aerospace.

12/23/7 7 CRLS-229 Corsent-to-Ship Review at
Aerospace (see Landecker et al., 1978).

1/4/7 8 CRLS-229 Payloa d received at Bell.

1/5/78 Bench Check of CRLS-229 at Ball.

1/19/78 SAMTEC tape format determined.

2/10/78 Upgrade CRLS-229 collimator from I arc m m
to 20 arc, see at Ball.

2/17/7 8 CRLS~-229 Minicom puter functional at Bell.

2/27/7 8 [ST-I Corn plated at Ball (electr ical simulator
test).

3/8/7 8 CRLS-229 Payloa d Integration Test com pleted
at Ball.

4/15/7 8 CRLS-229 Calibration Book completed at

Aerospace.

6/15/78 Integrated System Test-2 completed at Bell
(EMIIEMC).

6/2 1/78 SCF Training Session presentation made at
&innyvale (see Landecker and Mekenaie,
1918).
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7/18 /78 Scaled Integrated System Test I and Aliveness
Test completed at Ball.

8/2/78 SIST-2 completed at Ball.

9 ‘7 /78 SIST-3 completed at Ball.

11/10/7 8 Integ rated System Test- 3 com pleted at Bell
(Thermal-Vacu um).

12 16”7 8 SOLF.X modified at Aerospace and redelivered
to Bell.

1/1 0 - 79  P78-I arrives at Vandenberg.

1 ‘2319 Launch Base 1ST completed at VAFB.

2 ’24”7 9 Launch of P78-I.

2-27 179 CRLS-229 pow er on in orbit.
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10. CuI.s-229 (;LossARY

A Angstrom - I A lO 8cm.

Bit 7 in I)FORM 2 wh ich equa ls 0 whenever
SOLEX detector mierosw itc h A is
depressed.

Ai)P Am mon ium Dihydrogen Phosphate crystals

used in SOLEX and SOLFLEX. The crystal
lat t ice spacing 2 d = 10.64 A.

AF Air Force.

AFII A ir Force Base.

A i r  Force Station.

Rit S in DFOR\I 2 which equaLs 0 whenever

SOLEX crystal microswitch A is depressed.

Azimuth.

B 1 X~ bit of SOLEX boresight cell. The data is

located in XMOTOR.

112 X V bit of SOLEX borevight cell. The data is
located in XMOTOR .

BASE) Ball Aerospace Sys tems Division located in
Boulder, CO.

1-a l l Brothers Research Corporation (n-’w
BASD).
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FlIRT Bird Buffer Recording Tape reeorcb all
Incoming data line transmissions on
magnetic tape at the SCF.

BD Flit 8 in DFORM 2 which equa s 0 whenever
SOLEX detector in ic roawitch B is
depressed.

BSU L3 13 pr ior ity  subcom eonta~r~s 32 16-bit wor~~,
each read out every 1.02 4 sec.

Bit 6 in I)FORM 2 which equals 0 whenever

SOLEX cryst al microawitch B is depressed.

If this hoi.Lsekeeping bit No. 9 in  DFORM 2
equa ls 1, th e Go To MAG MAP POS latchi ng
relay is on. This bit returns to 0 a f t er the

Go To MAGMAP POS OFF command is
received.

C8 flit 14 in DFORM 2 momentarily goes to I
when the Go To Reference Zero command
is sent.

(‘9 .- ’10 If this housekeeping bit No. 15 in  DFORM 2
equals 1, the Go To LAMBDA 1 POS latch-
ing relay is on. This bit returns to 0 after
the Go To LA MBDA I POS OFF command
is receIved.

C and DP P78-I Command and Data Processing units.

CEMA Channel Electron Multiplier Array. X-ray
detector used in SOLEX B.

CG Center of Gravit y .
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CMD Command .

CMOS Complemen tary Meta l Oxide Semiconductor.

C of R Center of Rotation .

CONT 1-2 These 18 bit words 31-32 and 63-64 in BSUR

contain the control register values stored
in the command box memory.

CRLS Cambridge Research Laboratory Si~ contract

CR LS-229 Solar X-Ray Spectromete r/Spec troheliograph
on P78-I.

DA Data Analysis line printer at the SCF.

DFORM 1-2 Discrete Format No. I and No. 2 each contain
16 bits of housekeeping data that are

sampled twice per master telemet ry frame
in BSUB words 19-20 and 51-52, respec-
tively.

DOZE Office code for SCF Field Test Force
Director.

DP Data Presentation line printer at the SCF.

EED Electro-Explos ive Device. There Is one aquib
In CRLS-229 whic h Is used to release the
SOLEX detector shaft after launch.

EJCD Electrical Interface Control Document.
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EL Elevation.

EM Estimation Module software ised to determine
P71-I attitude and ephemeris.

F If th is bit No. tO In CO PIT2 Is O,SOLEX runs
at the fast (62.5 Hz) motor speed; If this
bit is 1, it runs at the slow (31.25 Hz) rate.

FOV Field of View.

FTFD SCF Fiel d Test Force Director.

FWHM Full Width at Half Maximum is a measure of
the resolution of a detector or coLlimator.

C, If this bit No. 6 in CONT 2 ii 1, It forces

SOLEX crystal rock ing, even in spacecra ft
raster modes.

GICD General Interface Control Document.

GMT Greenwich Mean Time.

HEM High Energy Monitor experi ment also call ed
MONFX B. The energy range Is 11-140
keV.

HEM CONTROL Analog voltage equsi to SV when HEM has no
control over SOLEX and 0 V when the
SOLEX HVPS are ttwned off by the HEM
or SOL EX is in the critical angle region.
It is loested in MF 112, SF S 2.

HEMHVPS HEM High Voltage Power S~çply analog output

located in MF 112, SF 1.
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HEMLVPS HEM Low Voltage Power Supply analog output
located in MF 112, SF 7.

HEM RATE IN Four level analog output Indicating the
threshold HEM MBULD required to ftan off
the SOLEX high voltage. It Is located in
MF 112 , SF SO.

HEM RATE OUT Analog voltage wh ich is a function of MBULD
and located in MF 1:2, SF 51.

HV High Voltage.

lCD Interface Control Document.

IRON Interrange Operations Number. The P78-i
mission corresponds to IRON 2265.

ITS Instrument Time Share circuit in the P78-i
spacecraft. It is used to shift control of
the spacecraft PIA between CRLS-229 and
NRL-401.

JK 11 This housekeeping bit No. 12 In [WORM 1
equals I after the PIA has just changed to
the raster mode and while the first SOR Is
locked out.

A Lambda or photon wavele ngth.

1) This 3rd MSB in DFORM 2 equals I when
SOLEX is In the crystal rocking mode.

2) Wavelengt h end point of a crystal block .

A 1) This 4th MSB in DFORM 2 equals 1 when
SOLEX is inaraster mode.

2) Fixed wavele ngth in raster mode.
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LAM 1-10 These 16 bIt words 21-30 and 53-62 in USUB
contain the wavelength step nun bet (from
Ref Zero ) stored in the wavelengt h register
pert of the command box memory for
wave lengt ha i-iO, respectively.

LASSMC Binary nunber in DFORM 1 (bits S-I)
in4leatlng the ad&eas of the last serial
magnitude com mand received by the
SOLEX command box.

LCALL Four most significant bits of DFORM I
indlcatlag the current position of the

SOLEX wavelengt h pointer (as a binary
nuns bet ).

LEM Low Energy Monitor experiment also called
MONEX A. The energy range Is 1-22 keV.

LEMHVPS LEM High Vol t age Power Supply analog output
located in MF 112, SF 10.

LEMLVPS LEM Low Voltage Power Supply analog output

located in MF 112, SF9.

LLD Lower Level Discriminator pulse height
sett ing.

LR Large Raster mode of PIA.

[SB Least signifi cant bit.

LV Low Voltage.
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M Number of se~ jentla1 SOLEX rasters at each
wavelen gth (Binary bits 2-4 or Mi, M2, M3
In CONT 1 total 1 to 7, Inclusive).

MAP P78-i telemetry Master Frame (2.048 see).

MACMAP Magnesium Mapping experu ent vn CRLS 229.
NRL detectors look through the Aerospace
SOLEX B I arc mm collimator.

MARTD This 16 bit word 5 and 37 In BSUB gives the
number of MONEX A rlsetime rejec t
events in 1.024 sec (number events with
risetimes slower than the rlset lme discrim-
inator setting).

MAULD ThIs 16 bIt word 3 and 35 in BSUB gives the
number of MONEX A ([EM) upper level

discriminator rejec t events in 1.024 sec
(numbe r of events with amplitude greater
than that of the upper level dtaerlmlnator).

Yi~RTD This 16 bIt word 6 and 38 In BSUB gives the
number of MONEX B r lset lme disc rim in-
ator reject events In 1.024 sec.

MBULD This 16 bIt word 4 and 36 In BSUB gives the
number of MONEX B (HEM) upper level
discrImInato r reject events In 1.024 sec.

MCC Mission Control Complex at SCF Includes test
control room, analysts room and technical
advisor s room.

MCOVNT Housekeeping bIts 11-13 In DFORM 2 whIch
Indicate the current number of tasters at
the curren t wave length position (MCOUNT
less than or ecpmI to M).
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MF P78-i telemetry Main Frame (32 msee).

MFCT(MFCT1, MF CT2) Minor fram e co mt (0-63 In 1.024 see). ‘.can
be found ln6LSB’got MF Wori’ •l andII .

MICD Mechanical Inter face Control Document.

MID Middle.

MONEX A Monitor Experiment data from the Low Energy
Monitor experiment built by The Aerospace
CorporatIon.

MONEX B MonItor Experiment data fu m the High
Energy Monitor experiment built by The
Aerospace CorporatIon.

MSI3 Moat Significant Bit.

MTRPOS Number of ste pa SOLEX Is from Reference
Zero Position. ThIs 14 bit number can be
conatructed from XMOTOR and Is reset to

zero whenever the spectromete r Is euxoute
to Reference Zero.

N Number of stored wavelengttw (A 1’s) for

SOLEX rasters equals 2 N. (Binary bits 5-7
in CONT 1: NI, N2, N3 x 2 totals 2, 4, 6, or
8). There are 5-N pslrs of endpolnts ln the
spectrometer mode.

N/A Not Appl icable.

NASA National Aeronauti cs and ~~see Adlnlolstrs -
tion.

NRL Naval Research Laboratory.
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OM Output Module so ftware used to determIne
P18-i attItude.

ORD Orbital Requirements Document.

050 OrbIting Solar Observatory.

OTWG Orbital Test Worki ng Group.

P 8th MSB In CONT 1. When P = 1 and RAS
changes from I to 0 or PGD goes from 0 to
1 in a raster mode, there is a reset to the
first positIon. When P = 0, the pointer
location does not change when either of
the above conditions is met.

1” 9th MSB in CONT 1. Only If it equals I is
MCOUNT reset when RAS goes fro m 1 to

0. If P’ = 0, MCOUNT is Increased by 1 at
* 

the end of rastering.

10th MSR in CONT 1. BIt P” clears the
pair to 

~2N+1’ ~2N+2 at RTE.

P78-i Designation of spacecraft carrying CRLS-229.

Pc Proportional Counter X-ray detector.

PGD Housekeeping bIt 11 In DFORM 1 which equals
1 whenever the Pattern Generator Discon-
nect signal Is high, and WLC control s the
PIA in the spacecraft ~in center point
mode.

PHA I-IA These 16 bIt words 7-12 and 39-44 In BSUB
give the number of MONEX A ([EM)
events In each of 6 pulse height channe ls
every 1.024 sec.
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PHA 1-lB These 16 bit words 13-Il and 45-50 In BSUB
give the number of MONEX B (HEM)
events In each of S pulse height channels
every 1.02 4 sec.

PtA Pointed Inatruanent Assembly of the P78-i
spacecraft. It is the solar pointIng system
of the spacecraft sail.

P H D Program Requirements Document.

PST Pacific Standard Time.

Q 11th MSB In CONT 1 whIch when equal to 1
generates full rocl~ at the end of a rast er
seque nce. When Q O  at the end of a
raster sequence, Reference Zero is called
before the rock sequence is repeated.

QA Quality Assurance.

R It thIs 12th MSB In CONT I Is 0, the Pattern
Generator Disconnect signal from the ITS
does not reset any cowiters. If this bit Is 1
the PGD sig nal commands the spectro-
meter to go to Referen ce Zero before
continuing.

RAP R~à ldum Acid Phthalate crystals were used In
SOLEX. The cryst al lattice spacing

0
2 d 26.l2A.

RAS 9th MSB In DFORM I. It equals I only when
the PIA is in the raster mode (Independent
of whether the pattern generator is
connected).

REV Revolution.
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RLW 2 See HEM RATE IN.

RLW3 See HEM RATE OUT.

RLW4 See HEM CONTROL

RS3 Housekeeping bit No. 13 in DFORM 1 which
equals I while SOLEX is en route to
Reference Zero.

RS4 Housekeep ing bit No. 14 in DFORM 1 which Is
set to 1 by the closure of detector

mlcroawitch A.

RS9 Housekeeping bit No. 15 in DFORM I which Is
set to I by the closure of crystal

microswi tch A and cleared to 0 by the
closure of crystal micros w itch B.

RSIO Housekeeping least significant bit in DFORM I
which equals I while SOLEX Is rasterlng
end-to-end.

RTC Real Time Command.

RID Riset lme %scriminator pulse shape sett ing.

Ri’S Remote Tracking Station.

S If this bit No. 13 In CONT I is 0, MAGMAP
operation will freeze the SOLEX MCOUNT
register so that SOR pulses are not
counted.

SAMSO Ai r Force ~~ace and Missile Systems Organl-
atio n located at Los Angeles APS, CA.

10-11 
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SAMTEC A ir Force Space and Missile Test Center
located at Vandenberg APR, CA.

SARTD ThIs 16 bit word 1 and 33 in ~~UR gives the *

number of SOLEX A risetime reject events
in 1.024 sec.

SAFS Sunnyvale Air Force Station.

SBIJLD This 16 bit word 2 and 34 In RSUB gives the
number of SOLEX B upper Level reject
events In 1.024 sec .

S/C Spacecraft.

SCF Air Force SatellIte Control Facility In
Sunnyvale, CA.

SF Telemetry Sub-Frame.

5HV This housekeeping least significant bit In
DFORM 2 goes to 0 when XMOTO R Is
scanning the 5120—9216 region or scannIng
to Reference Zero. SOLEX high voltages
are disabled at this time.

SHV1 or SHVPSI SOLEX A High Voltage analog readout located
In MF 112, SF 12.

SHV2 or SHVPS2 SOLEX B High Voltage analog readout located
In MF 112, SF 13.

I

SLC Spacecraft Launch Complex.

10-12
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SLV PSi SOLEX Low Vol tage Power Supply analog out-
put located in MF 112, SF 4.

SLV PS2 SOLEX Low Voltage Power Supply analog
output located in MF 112, SF 49.

SMC Serial Magnitude Com mand.

SMOTOR The 4 LSB’s of DFORM 1 whi ch include R83,
RS4, RS9 and RS1O.

SOL Start of Line in a PtA raster .

SOLEX A Solar Experiment proportional counter 20 arc
sec collimator data. SOLEX was built by
The Aerospace Corporation.

SOLEX B Solar Experiment Channel Electron Multiplier
Array 1 arc minute collimator data.
SOLEX was built by The Aerospace
Corporation.

SOLFLEX Solar Flare Experimen t on CRLS-229. This is
an uncoll imat ed crystal spectrometer built
by NRL

SOR Housekeep ing bit No. 10 in DFORM I which
equals 1 when the Start of Raster line Is
high.

Sp Spare bIts 2 and 10 In DFORM 2.

SPO Ai r Force Systems Program Office.

SPOT ~, £ SOLEX Pot reads out angular position of
crysta ls and detectors , and located In MF
112, SF 20, 21, respect Ively.
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SR Small Ras~er mode of PtA.

SSL Space ScIences Laboratory at Aerospace.
I,

STC Satell ite Test Center .

STG Space Test Group.

SIP Space Test Program.

SV Space Vehicle.

T(T l , 12, 13) Number of rocks between two end waveleng tha
equals 21-I.

TCOUNT Bits 03-B6 in XMOTOR give the spectral scan

num ber , i.e. the current number of wave-
length rocks. TCOUNT is less than or
equal to 2T-l.

TCT Telemetry Conversion Tables.

TFACE CRLS-229 face temperature located in MF
* lI2, SF S8.

TMID CRLS-229 mIddle temperature located in MF
112,SP 59.

TOO Test OperatIons Order of SCF.

IRD Telemetry Requirements Doctanent.

TREAR CRI.S-229 rear temperature located in MF
i12, SF 6O.
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U/D Housekeeping most sIgnificant bit in DFORM 2
which equals 1 when XMOTO R is Increas-
ing and when the spectrometer is enroute
to Reference Zero, and 0 when it is
decreasing.

ULD Upper Level DiscrimInator pulse height set-
ting.

UT Uni vers al Time.

VAF I3 Vandenberg Air Force Base.

VDC Voltage (direct current).

VI , V2 2nd and 3rd MSB in CONT 2 which set the

value of the SOLEX HVPS 1 as follows:

Lowest 00 or 10
Middle 11

Highest 01.

‘3 , V 4 Bits 4 and S in CONT 2 whIch set the value of
the SOLEX HVPS 2 as follows:

* Lowest 00 0r l0
Middle 11
Highest 01.

v~ Bit 7 in CONT 2 which selects the value of the
MONEX A (LE M) high voltag e as fo ilow rn

Lower 1
HIgher 0.

V6 BIt 8 in CONT 2 whIch selects the value of the

MONEX B (HEM) high voltage as fo llows

Lower I
Higher 0.

10- 15
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WLC 1) White Light Coronagraph par t of the
NRL-40l exper iment.

2) See PGD.

XMOTO R CRLS-229 telemetry containing SOLEX
MOTOR pos ition , TCOUNT and bore sight
cell deta.

XTAL Crystal.

YCTA Of fice code for SAMSO P78-i Program
Office.

1 Zulu or UnIversal Time.

I
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LA5O *ATORY O~~~ RA TIONS

Tb. L.b.,slo,y ~~ .,sftoo. of Tb. A.r-olpsc. C.rporst*.o Is csod*ctt.g
.upirt.~i.01al 504 thioriU c al Iov.Sft S $~os. o.c...sry for ib. .valoa*i.a .04
•ppltc.t~an of •ct.Mtflc 4.so .s to aiw mil t te ,~ cs.c spti .04 syst.005. V.,.
ecu lity .04 flsa~bIbty K.. bus  dan. l.,.4 to a hIgh d.gr.. by lb. laborato ry
p.,.os..l to 

~~~~~~~ ot lh th . many plob ,m. .oc.oos.r.4 Is th. s.et.0 . rsptd y
d...1 pts •~~ cs sad v,siutl . syst.n~5. E~~.rt*s. to th. stilt sct.attft c 4.vof.
v~ ffl ,0l 5 II wttol to lb. acIon~~1~~ hm.oI of laiki r.l.i od to th, .~ prubl.00 . Tb.
labo.slou1 •. thaI c oal rtb0i. to tMs ri~.ipch o r.

Asrc by..c, Labop.toty L.su~ch sad r•~alty e.r.d ynsm$c.. bust irsas-
V., ysusi ry plsy.k.. chimlcof ~ t 0I4fc s. striscIoro l m.chs*lcs . fhgM
stmo.pk.,tc poflottos. sad h11h.pow.r 

~
a. li..,i.

Cbu’~~.tr y *a’d Pl~ys~cs Labo’si.ry- Atm..ph.rtc r.. ct~.a. sad s~~~~..Dh. rlc optic s. ~h.r,4c..1 riOctiOlt . itIjjflu,.4 .tnm.phir... ch.ladcM rusrttos.
of •*cit04 ~~.tt.l lii Voc hit pl’.m.. . rKoa~4 a l  harm.dvaam*r. ptssma .ad

• l.s.r.to4~ic.4 r.actsosl. Is.., ~~.wI$.t,, . pr.~~4stoa chalnl,tr y . opoc•
.ad ,.dtsttoa ifficti on , ,s . l . ro .. lMb rt(stt00 sad •uIfec. ph.asmos., phats-
• o t 5 1 . m.t.tt.i i sod •.n,n,. . ~~ SP pr.cIs *oa le•ir T511 1114. sOd th• sp$t.
•. .~~ of p~~,r. . sod rh.mtelry to prooi,ms of so s.fov..m.ot sad btsai.dfcIas.

• Efyc t iun .cs  ~..*,,th I sbn, t~ r EI.ctrocn. ostt Ih ory~ d.. ’ks. . sod
~ ~~555tt on .n-oco.ns a’ 1.J~n1 p s•tn s .l.ct roms .o.tt (S. qioa*toTh SIc-I 1.01,5.
s.•r s. sod . .t r . - .~~) t .  s Omtt, t f l , c. l tOO 5(1Cc-... opptt.d sictrosIcs. s.m*.

4o1ng.  ..tp.rro. t t ,.~~. sod ci yils f d vlc• ph~~~t c ,  opitcel sad scos,ltcs*
-ms~~ t~~ .to~oaph,flc pOllufton . ~~illIm.i. r W*V. sad Isr .tofp sr.d t.rhas*. y .

Mst.t tal .  ki ~ acis *.iborstø ,~ O.v.I.pfflost 01 ais nI$lCPtSIS; WI.I*1
mstvti eon~~00t t .s sad o.~~ ~ot1as 01 cspboi; sot sad •~ sIustt.a .1 srsP~ft.
cr4 ci r-sa t ci . a rCuOl ry. s,se. roft nist. rlsL. sod .b at ro~~c oIt ~~os00t. to
aalh •a v .sspon. .av~roavasal. applicatl u. .1 ftartir. n,ch.ofc. to .trsos a.,.
,. ‘~r sad tae$~~ i.tad i~c d  Irsato r.. a .trart,r aI mu sh .

~PS(, St bu.tui I or.1oT, Abn.spbuflc 5.4 tosasphiric physt~.. rodIs .
lIon frost *b. el,no.phir. , 4s..tty sod cuonposItlo s of ~~. .Wnoaphsr.. a*sr.rs.
sod at~~gIo. - ma~osto.ph.nc phy,tcs . co. mfc rays . •.n.vstt.a sod prupug.sto.
sr pls.ma —s ~ .s .a lb. tna(aal o.ph.,.: so bs? phy.tc.. stadt .. .1 s.I~ t m550.ltc
11.14. ; .pc. ••ironI.my . i- roy 55t? ~~~~~~ y ,  lb. effc-t s of 00CIS5r .opbs.t.a. .
ms altjt d on,,, sod sot. , I r t i s t l y  as th• psrth i atmo.p h.r, . tooo.plist... sad
.. sgnst oaph. r. , lb. .ff cl. of ost$c ~sl . •%.cifIwnaqo sttc sad psrftcofsr. Pads..
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